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Abstract 
Sweet plant proteins have the potential to substitute for sucrose as an 
alternative natural sweetener in low-calorie and diabetic products. However, 
most sweet plant proteins lose their sweetness upon high temperature 
treatment and cleavage of disulfide bridges is a main factor of their heat-
instability. Mabinlin (MBL), a plant protein with four isoforms (MBL I，II，III 
& IV) and 400 times sweeter than sucrose, shows high heat-stability in three 
(MBL II，III & IV) of its four isoforms. Previous biochemical and molecular 
studies also revealed that each M B L isoform consists of two subunit 
polypeptides; the four M B L s possess highly similar amino acid sequences; and 
all four disulfide bridges are at the same positions in both the heat-stable 
(MBL II，III & IV) and unstable (MBL I) isoforms. The later structural 
feature suggests that the disulfide bridges may not be the sole determinant of 
heat stability in MBLs. A single amino acid difference, at position #47 in the 
large subunit, however, was found between the two groups, i.e. Arg in M B L II, 
III & IV while Gki in M B L I. hi view of these findings, we are attempting to 
explore the underlying determinant(s) ofheat stability in the MBLs. 
Site-directed mutagenesis was performed in the cDNAs encoding the 
heat-stable M B L III and unstable M B L I in an attempt to generate single 
amino acid mutations at position #47 of the large subunits, either to reverse 
(by Arg to Gln or vice versa) or to maintain (by similar amino acids, Gly & 
Asp) their heat-stability properties. Both the wild-type and mutant M B L III 
and M B L I cDNAs were used to construct chimeric genes under the control of 
the phaseolin regulatory regions of French bean. The chimeric genes were 
transferred into the Arabidopsis thaliana genome via Agrobacterium-rnQdmied 
transformation. Plants containing a single copy of the transgene were selected 
and propagated to obtain homozygous R3 generation for expression analysis, 
as a means of setting up a system to test the relationships between heat 
stability and M B L primary structure. 
For transgenic plants containing the chimeric genes M B L III Q)BI / 
phas / MBLIII-wt, -GLN, & -LYS)，the activity of the marker gene was 
detected by GUS assay. The integration of the M B L III transgenes was 
proved by polymerase chain reaction (PCR), and the M B L III R N A transcripts 
were detected by reverse transcritption-PCR (RT-PCR) and D N A sequencing. 
For plants transformed with the chimeric genes M B L I (pBl / phas / MBLI-wt, 
-ARG, -ASP), Ri seeds had been harvested for future analysis. 
To detect the M B L protein in transgenic seeds, antisera with very 
high titres against M B L were obtained. Tricine SDS-PAGE, protein 
sequencing, isoelectric precipitation, and westem blot and immunodetection 
had been attempted to demonstrate the stable accumulation of M B L III protein 
in transgenic seeds. However, despite the proven presence of their transcripts, 
detectable levels of M B L proteins have thus far not been confirmed in the 
transgenic seeds. The similar size and immuno-cross-reactivity of the 2S 
protein of the host plant Arabidopsis with the M B L protein compounds were 
the difficulties in detecting the MBL. Further experiments that could separate 
the two low molecular weight proteins and enhance the protein detection 
sensitivity would be desirable, in addition to experiments to determine if the 












定型兩類MBL中卻有分別（Arg在MBL II，III及IV ； G b 在 M B L I)。 
基於此發現，我們試圖探索MBL熱穩定性背後的關鍵決定因素。 
利用特點誘變技術，可以改變熱穩定型MBL III和熱不穩定型 








嵌合基因及其表達載體PBI / phas / MBLIII-wt, -GLN及-LYS，pBI 
/ phas / MBLI-wt, -ARG及-ASP的構建已完成。這些嵌合基因亦已轉化 
Vll 
至擬南芥菜基因組。而被轉化MBL III (pBI / phas / MBLIII-wt, -GLN,-
LYS)嵌合基因的轉基因純合植物，其標記基因的活性已用GUS測試來 
確定； M B L III轉基因的整合通過聚合酶鏈式反應（PCR)來證實；RT-
PCR及DNA序列測定證明了 M B L III RNA轉錄產物的存在。 
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1 Literature Review 
1.1 Introduction 
Sweet tasting foodstuffs have been an integral part in of the diet ofhuman 
and other animal species for a long history. However, high sugar consumption 
adds to the problems of obesity, diabetes, coronary artery disease and dental 
caries throughout the world. To satisfy this desire for sweet taste, food scientists 
have been searching for sugar substitutes, both artificial and natural, which are 
soluble, stable, non-carious, low in calories and non-toxic. 
The history of artificial sweeteners, in comparison with the natural ones, 
is just over a hundred years old. Several artificial sweeteners had been developed 
including the especially successful aspartame. Although evaluation of the 
physiological and toxicological properties of these sweeteners was carried out in 
parallel with the commercial interest and use of these artificial sweeteners, 
consumers are nevertheless concerned about the long-term safety of these 
artificial sweeteners. A natural and safer sweetener has long been a desirable 
food item ofthe general public and sweet plant proteins is one potential candidate. 
With the recent advances in biotechnology, sweet plant proteins become 
more attractive for use as sweeteners, not only for mass production, but also for 
genetically engineering of foods for low caloric sweetness, and for understanding 
the underlying principle of sweetness. 
To achieve these goals, a transgenic expression system is essential. This 
includes an optimal promoter sequence as well as terminator sequence to enhance 
the efficiency of transgene expression. Agriculture is the chief example of an 
inexpensive and successful biotechnology. Once a suitable transgenic plant is 
produced, no expensive apparatus and no specially trained personnel are needed 
to maintain the process. Moreover, post-translational modifications of plant 
proteins occur in planta, including possibly unknown steps, is more likely to take 
place in plants than in any other system, histead of producing sweet plant 
proteins in natural stands, plants can be used to produce transgenic proteins in 
greater quantity or in a more usefiil form. 
1.2 Artificial sweeteners 
Artificial sweeteners are sensory bioactive compounds with substantially 
higher sweetness than sugar (sucrose). They are used mainly in diet foods, in 
pharmaceutical applications to mask the unpleasant taste of drugs, in cosmetic 
preparations for mouth hygiene, and as a sugar substitute for diabetic patients. 
Many strict requirements must be satisfied before an artificial sweetener can be 
accepted, the most important of which is that it must not pose a health hazard. 
Several commercially well-known sweeteners, including saccharin, cyclamate, 
aspartame, and acesulfame K, were previously approved by the U.S. Food and 
Drug Administration (FDA) for use in foods. Other compounds such as alimate 
and sucralose are awaiting approval by the FDA. HoWever, several sweeteners, 
such as dulcin, P-4000, and perillaldoxime, used over a period of time, were later 
found to be toxic and their use prohibited. Therefore, the application of artificial 
sweeteners in food has always been controversial. 
1.2.1 Saccharin 
Saccharin was the first known synthetic sweetener. It was discovered 
accidentally by a German chemist in 1878. The synthesis was started by any of 
the 4 compounds: toluene, phthalic anhydride, phthalic acid or 2-chlorotoluene, 
and the synthetic method was immediately patented. Its commercial production 
started in 1884. Saccharin is approximately 300 to 500 times sweeter than 
sucrose on a weight basis (Vincent et al., 1955) and is slowly absorbed by the 
body and excreted in the urine quickly without being metabolized (Renwick, 
1985); therefore, it does not contribute calories to the diet. However, at higher 
concentrations, saccharin gives a bitter-sour off-taste (Larson-Powers and 
Pangbom, 1978) and thus limits its use in food industry. This off-taste can be 
masked by mixing with a neutral (tasteless) carrier, such as gelatin, or by 
combination with other intense sweeteners, such as cyclamate. 
1.2.2 Cyclamate 
Cyclamate, a derivative of amino-N-sulphanic acid, was discovered in 
1937. It was marketed in the US in 1950 as sodium salt and in 1954 as calcium 
salt. Cyclamate is about 30 times sweeter than sugar on a weight basis, the least 
intense of the widely used alternative sweeteners. The ability of humans to 
metabolize and excrete cyclamate differs greatly, depending on an individual's 
intestinal flora. Like saccharin, cyclamate also has a significant bitter-sour off-
taste (Larson-Powers and Pangbom, 1978). However, both the sodium and 
calcium salts can eliminate the bitter taste even at low dosages. Moreover, a 
blend of ten parts of cyclamate to one part saccharin exhibits a synergistic 
sweetening effect while masking the off-taste problem inherent to both 
components when used separately (Lipinski, 1990). 
1.2.3 Aspartame 
Aspartame is a dipeptide methyl esther ofaspartic acid and phenlyalanine. 
It was discovered in 1965 and has been marketed under different brand names 
including Nutrasweet, Equal, Usal, Cauderel, Pouss-suc, D-sucril, and Trisweet. 
Aspartame is approximately 180-200 times as sweet as sucrose on a weight basis 
(Vetsch, 1985) and its sweetness potency varies with its concentration and with 
the type offood it is used with. Aspartame can be rapidly hydrolysed in the body 
into two amino acids, aspartate and phenylalanine, and methanol. Therefore, it is 
used as a nutritive sweetener, contributing 4 KcaL^g to the diet. However, the 
calorie addition is negligible since only very minute quantities can give a 
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detectable sweet taste. Aspartame has been proved to be safe after extensive 
studies on different groups of people including pregnant women and diabetics. 
However, persons bom with phenylketonuria cannot metabolize phenylalanine 
since they lack the enzyme that catalyses the transformation of phenylalanine into 
tyrosine. 
Alitame is another dipeptide sweetener being commercialized. It is 2,000 
times sweeter than sucrose and can be metabolized normally and safely. 
1.2.4 AcesuIfame-K 
Acesulfame-K (ACK) is synthesized by the reaction of fluoro-，chloro- or 
arylsulphonyl isocyanates with carbonyl compounds or alkynes. It was 
discovered in 1973. A C K is approximately 200 times sweeter than sucrose on a 
weight basis and its sweetness is similar to saccharin. Like saccharin, it is not 
metabolized by the body (Lipinski, 1985b) but is excreted in the urine unchanged. 
Moreover, it has excellent pH and heat stability and is even more heat-stable than 
sucrose. A C K elicits a sweet sensation rapidly without any induction period and 
persists slightly longer than does sucrose. No disturbing effects ofaftertaste were 
observed at low and medium (most commonly used) concentrations. Some off-
taste can be detected at higher concentrations when it is used alone. A C K is also 
used in mixed-sweetener systems (Lipinski, 1985a). 
1.2.5 Sucralose 
Sucralose, a selectively chlorinated derivative of sucrose, was developed 
in 1988. It is 400 to 800 times sweeter than sucrose and has a high quality of 
sweet taste. The sweetness of this sweetener has a remarkably similar taste to 
sucrose. Sucralose has a very low acute toxicity, and is noncariogenic and 
virtually noncaloric (Jenner, 1989). It is exceptionally stable to the processing 
and storage conditions used for foods and beverages and is biodegradable and 
highly water-soluble. These advantages have caused sucralose to gain rapid 
acceptance by both food producers and consumers. 
L 3 Natural sweet plant proteins 
hi addition to the artificial sweeteners, several naturally occurring proteins 
have been suggested as low-caloric sweeteners since they are many times sweeter 
than sugar. In general, substances with high molecular weight do not stimulate 
taste cells and hence have no taste. Likewise, most proteins are not known to 
elicit a sweet taste. Sweet proteins, however, are exceptions. Research has 
focused on sweet proteins since the 1960s because of the impending ban on 
cyclamate as a suspected carcinogen. 
To date, seven plant proteins, namely, thaumatin, monellin, pentadin, 
brazzein, miracullin, curculin and mabinlin, are the only sweet or sweetness-
inducing proteins known. It is interesting to note that all the above proteins are 
found in tropical plants. These natural sweet plant proteins have the potential to 
be used as harmless low-calorie sweeteners. 
Recent developments in biotechnology offer opportunities to use the 
genes encoding these natural sweet proteins to genetically engineer plant products, 
such as fruits and vegetables, for improved taste quality. They can also be 
developed commercially as natural sugar substitutes. This will give consumers, 
especially those who prefer a natural and safer sugar-substitute, an alternative 
choice over the artificial sweeteners. 
1.3.1 Thaumatin 
Thaumatin was first isolated from the arils of the fruits of the West 
African shrub Thaumatococcus danielli (Bannett) Benth of the Marantaceae 
family (van der Wel and Loeve, 1972). Traditionally, the fruit or fruit extract of 
this shrub has been used in West Afiica as a sweetening substance for sour fruit, 
com bread, and pahn wine. 
Thaumatin is non-toxic, non-cariogenic, and has been used as a high-
intensity sweetener and flavor potentiator in Japan and the U K (Higginbotham et 
a/.，1983). It is marketed under the trade name "Talin" and is offered as 
aluminum ion-adduct, which has been shown to improve colour, stability, 
filterability, purity, and thus higher quality sweetness, hi the highly competitive 
sweetener market, thaumatin, mostly from natural source, is thus the only sweet 
protein used as a commercial low-calorie sweetener and flavor enhancer in 
processed foods, soft drinks, confections (chewing gum) as well as animal feed 
(Etheridge, 1994). 
At least five different isoforms of thaumatin, Th I，II，III，a and b, have 
been isolated, depending on their charge characteristics, by ion exchange 
chromatography (van der Wel and Loeve, 1972; Higginbotham and Hough, 1977). 
These isoforms accounts for 2 % (w/w) ofthe dry weight ofthe total fruit and 50 
o/o ofthe dry weight of the aril, where they are located exclusively. The protein, 
with a molecular weight of 22,000 Da, consists of a single polypeptide chain of 
207 amino acids with an isoelectric point of pH 12’ and eight disulfide bridges 
(Iyengar et al,, 1979). These bridges are responsible for the higher order structure 
of the molecule. They hold the protein in the correct formation for sweetness 
elicitation and stabilize the molecule against heat, pH denaturation, and 
proteolytic attack (van der Wel and Loeve, 1972; van der Wel and Bel, 1980; and 
van del Wel et al., 1984). 
Both the C- and N-terminal amino acids of thaumatin are alanine. There 
are no unusual amino acids side-chain substitutions, linkages, or end-group 
modifications. Of all the common amino acids, only histidine is absent. 
Chemical modification oflysine residues in Th I showed that acetylation, but not 
methylation, changes the sweetness intensity, implying that the total net charge of 
thaumatin molecules probably plays a role in the sweetness perception (van der 
Wel et aL, 1982). Th I and II have been sequenced (Edens et al.’ 1982). Th II 
has the same total number of amino acids as Th I but with five sequence 
differences at amino acid positions #46, 63，67，76，and 113. Thus Th II has an 
extra arginine, glutamine, and aspartic acid, whereas Th I has two extra 
asparagines and a serine. The molecular weight of Th II，calculated from its 
amino acid sequence, is 22,293Da, slightly larger than Th I, which is 22,209 Da. 
Spectroscopic data (Korver et al, 1973) and sequence data (Eden et al,, 1982) 
predicted that the tertiaty structure ofthe thaumatin protein includes 10 % a-helix, 
70 % P-sheet and P-bends, and 20 % random coils. The sweet taste ofthaumatin 
disappears completely on heating in an aqueous solution for a few minutes above 
75 O Q upon splitting of the disulfide bridges in the molecule, and also when 
subjected to pH less than 2.5 at room temperature (van der Wel et al, 1972). 
Antibodies to thamnatin cross-react with a wide variety of non-protein 
sweet substances (Hough and Edwardson, 1978)，suggesting that they may 
provide a novel method for measuring "sweetness" in vitro and may throw light 
on the nature of interactions between sweet substances and taste receptors. The 
fimction of thaumatin in plants remains to be elucidated, but the sequence 
similarity between thaumatin and a range of pathogenesis-related (PR) proteins 
has been noted (Comelissen et al., 1986; Richardson et al., 1987; Stintzi et al., 
1991; Rodrigo et al., 1991; Rebmann et al, 1991; Graham et al- 1992; del 
Campillo et al.’ 1992; and Woloshuk et al, 1991). Thaumatin has been suggested 
for use as a sensitive and extremely convenient marker gene for easy 
identification oftransformed plants (Witty, 1989, 1992). 
1.3.2 Monellin 
Monellin was isolated from the red berries of the West Afiican plant 
Dioscoreophyllum cumminsii (Morris and Cagan, 1972). It has a sweetness about 
three thousand times sweeter than sugar on a weight basis. 
Monellin is a basic protein (pI = 9.3) with a molecular weight of 
approximately 11,000 Da and is completely free of carbohydrate (Morris et al, 
1972; 1973). Unlike thaumatin, monellin consists of two distinct, tightly and 
non-covalently bound polypeptides, an A-chain of 44 and a B-chain of 50 
residues (Hudson and Biemann, 1976; Frank and Zuber, 1976). Structural studies 
proved that the sweetness of monellin requires dimer molecules and the 
individual subunits are not sweet (Bohak and Li, 1976). The secondary structure 
of monellin, as modeled by theoretical calculations, indicates that most of the 
monellin is in the P-helix form with the remainder in the a-helix form (Wlodawer 
and Hodgson, 1975). Monellin has been crystallized and x-ray analysis showed 
that monoclinic crystals contain four molecules in a unit cell (van der Wel, 1986). 
Monellin has no disulfide bonds and is thermally less stable than 
thaumatin. Its sweetness can be eliminated by heating in aqueous solution to 55-
66 °C. Monellin becomes progressively less sweet with increasing pH, even at 
room temperature. Results from biochemical studies on taste sensation 
demonstrated that monellin can bind to bovine and to human taste tissue 
preparations (Cagan and Morris, 1979). These tissues can serve as models for 
studies on the structure-sweetness relationship in humans and several families of 
mammals (van der Wel, 1980). No known toxicity can be found in monellin yet 
and thus it is considered to be non-toxic (Krutosikova and Uher, 1992). 
Although both thaumatin and monellin are potentially sweet and compete 
for the same sweet receptor (van der Wel and Arvidson, 1978; Brouwer, 1973)， 
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there is no similarity between their amino acid sequences. Moreover, their crystal 
structures appear to have no significant overall similarities except for the P-sheet 
structure motifs that are common in many proteins (de Vos et aI., 1985; Ogata et 
al., 1987). 
1.3.3 Curculin 
Curculin was isolated from the fruits of Curculigo latifolia, a plant native 
to westem Malaysia (Yamashita et al., 1990). It is the only protein found that 
elicits a sweet taste and also has taste-modifying activities. It is 550 times 
sweeter than sucrose on a weight basis. Curculin is a diriier with two 12,000 Da 
polypeptides, each of which contains 114 amino acids. There are four cysteine 
residues in the two dimers, which are connected through two disulfide bridges. 
Molecular studies on curculin show that the protein is synthesized as a precursor 
composed of 158 amino acid residues, including a signal sequence of 22 residues 
and a carboxyl-teraiinal extension of22 residues (Abe et aI., 1992). 
1.3.4 Pentadin and Brazzein 
Pentadin and Brazzein are sweet proteins isolated from the fruits of West 
African plant Pentadiplandra brazzeana Baillon (Pentadiplandraceae) (van der 
Wel et al, 1989; Ding and Goran, 1994). Pentadin has a molecular weight of 
about 12,000 Da and a sweetness of about 500 times that of sucrose on a weight 
basis. 
Brazzein is a newly isolated high-potency thermostable sweet protein, 
composed of a single chain of 54 amino acids, with a molecular weight of 6,473 
Da (Ding and Goran, 1994). It is the smallest protein sweetener yet discovered. 
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Its sweetness remains unchanged after incubation at 80 〇。for 4 hours. Brazzein 
has eight cysteine residues, the same as in mabinlin. These cysteines may tightly 
cross-link to form a disulfide-bonded network resulting in high thermostability. 
Some sequence similarity is found between brazzein and curculin, i.e. a 20 % 
identity in a 50-amino acid overlapping region. 
1.3.5 Miraculin 
Miraculin is a taste modifier found in the pulp of the red berries of the 
West Afhcan Richardella dulcifica (Schum) Daniell (formerly Synsepalum 
dulcificum). Miraculin has no detectable sweetness itself, but modifies the sour 
taste of another substance into a sweet taste after activation by acidic substances 
(higlett et al., 1965). For example, lemons elicit a sweet taste like that of oranges 
if eaten after the berry has been eaten. 
Miraculin is a basic glycoprotein (Kurihara and Beidler, 1968; Brouwer et 
al., 1968) with a molecular weight of about 42,000 Da (Theerasilp et al., 1988). 
The amino acid sequence of miraculin consists of 191 amino acids and contains 
two glycosylated asparagines and seven cysteines forming three disulfide bridges 
(Theeraasilp et al., 1989). 
1.3.6 Mabinlin 
Mabinlin (MBL) was extracted from the mature seed of Capparis 
masaikai levi (local name: mabinlang) of the Caper family. Mabinlang grows in 
the subtropical region of the Yunnan Province of China and the natives usually 
chew its seeds, a Chinese medicine, for sweet taste. 
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M B L is a small water-soluble seed protein that accounts for 4 % of the 
dry weight of decorticated seed (Hu and He, 1983; Hu et al., 1985; Ding and Hu, 
1986; Liu and Hu, 1988). M B L is a basic protein with a molecular weight of 
12,400 Da and a pI of pH 11.3 (Hu and He, 1983). It is composed of two 
polypeptide chains, an A-chain of 33 amino acids and a B-chain of 72 amino 
acids (Liu et al,, 1993). Most of the amino acids found in the A chain are 
hydrophilic while the B chain also contains many hydrophilic amino acid residues. 
At least four isoforms, M B L I，II, III and IV，have been purified and isolated by 
ion-exchange chromatography (^irasawa et al，1994). 
Among the four isoforms, M B L II has a much higher heat stability than 
the other components and has been extensively studied. M B L II is 400 times 
sweeter than sucrose on weight basis. Its sweetness remains unchanged even 
after heating for 48 hours at 85 °C (Hu et al., 1985). The sweetness of M B L III 
and IV，like M B L II，is unchanged after incubation for 1 hour at 80 °C, while 
M B L I loses its sweetness under the same conditions QS[irasawa et al,’ 1994). 
The amino acid sequences ofall M B L isoforms have been determined (Figure 1-
1) ONJirasawa et al, 1994) and they share very high homology. The protein 
contains eight cysteine residues, which are responsible for two interchain 
disulfide bridges and two intrachain disulfide bridges (Figure 1-2) QS[irasawa et 
al, 1993). Cleavage of the disulfide bridges is commonly known to be a key 
determinant in the loss of sweetness in sweet proteins including thaumatin (van 
der Wel et al, 1984), brazzein (Kohmura et al., 1996) and mabinlin QS^irasawa et 
al, 1993). However, the positions of the four disulfide bridges are the same in 
M B L I，II，III and IV. It was found that Arg47 in the B-chain is the only residue 
present in all three heat-stable isoforms while it is a Ghi47 in the unstable 
homolog M B L I. The Arg47 residue was proposed to form a salt bridge with the 
carboxyl ends of the two polypeptides, which may contribute to the heat stability 
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Figure 1-1: Amino acid sequence homology among mabinlin isoforms The 
amino acid sequences of MBLI, II，III and IV are aligned and 
compared. A dash (-) indicates the same amino acid residue as in 
M B L I; • denotes the 8 cysteine residues responsible for disulfide 
bonding; (*) indicates the missing amino acid residue in the M B L 
homolog; and Q highlights the common R47 residue present in M B L 









Figure 1-2: Schematic representation of the disulfide structure in mabinlin 
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Comparisons of the amino acid sequences of M B L isoforms with those of 
the other sweet proteins, including thaumatin I and monelin (sweet proteins), 
curculin (a sweet protein with taste-modifying activity) and miraculin (a taste 
modifying protein), do not reveal any significant similarities between them. 
However, high amino acid homology was found between the sequences of M B L 
II and 2S seed storage proteins, especially the 2S albumin isoform 3 (AT2S3) of 
Arabidopsis thaliana (Figure 1-3)，although AT2S3 was not reported to have a 
sweet taste. It is interesting to note that both proteins consist of two chains and 
that the positions of all eight cysteine residues coincide in the two proteins. 
Plants of Capparis masaikai levi and Arabidopsis thaliana belong to different 
families but the same order (Rhoeadales). Both mabinlin and 2S albumin AT2S3 
are contained in the seeds. Thus, both proteins may share the same evolutionary 
origin. 
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Figure 1-3: Amino acid sequence similarity between MBL II and 2S seed 
storage protein 3 (AT2S3) of Arabidopsis thaliana 
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The cDNAs encoding the heat-stable mabinlin II and other isoforms were 
first sequenced and filed for patent in 1997 by Xiong et al. The structure of the 
M B L precursor was determined using the deduced amino acid sequence from the 
cDNA clone encoding the heat-stable mabinlin II fNirasawa et al, 1996) (Figure 
1-4). When comparing the proteolytic cleavage sites during post-translational 
processing of M B L precursor with those 2S seed-storage proteins oiArabidopsis 
thaliana, Brassica napus, and Bertholletia excelsa, three individual cleavage sites 
were found to be conserved (Figure 1-5). Alanine is adjacent to the signal 
peptide cleavage sites of the three plants, yielding signal peptides of 
approximately the same length while asparagine is adjacent to the cleavage sites 
between the N-terminal extension peptides and the small subunits. For the 
cleavage sites between the linkers and the large subunits, asparagine is also the 
preceding amino acid except for one case (Brassica napus). 
Artificial thermostable protein M B L II was successfully synthesized by 
Kohmura M. and Ariyoshi Y. in 1998. It is interesting to note that in the process 
of chemical synthesis, only the desired conformer was obtained from the folding 
of A and B chains. 
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CACACACTCACCCAAAACCCTAGCAATGGCGAAGCTCATCTTCCTCTTCGCGACCTTGGC 60 M A K L I F L F A T L A 12 
TCTCTTCGTTCTCCTAGCGAACGCCTCCATCCAGACCACCGTTATCGAGGTCGATGAAGA 12 0 
L F V L L A N A | S I Q T T V I E V D E B 32 
AGAAGACAACCAACTGTGGAGATGTCAGAGGCAGTTCCTGCAGCACCAGCGACTCCGGGC 180 
tt D N ^ Q L W R C Q R Q F L Q H Q R L R A 52 
TTGCCAGCGGTTCATCCACCGACGAGCCCAGTTCGGCGGACAGCCCGATGAGCTTGAAGA 240 
C Q R F I H R R A Q F G G Q P 0 ^  B L B D 72 
CGAAGTCGAGGACGACA2^CGATGACGAAAACCAGCCAAGGCGACCGGCGCTCAGACAATG 300 
E V E D D N 0 0 E N ^ Q P R R p A L R 0 C 92 
CTGCAACCAGCTGCGTCAAGTGGACAGACCTTGTGTTTGCCCTGTCCTCAGACAAGCTGC 360 
C N Q L R Q V D R P C V C P V L R Q A A 112 
CCAGCAGGTGCTCCAACGACAAATAATCCAGGGTCCACAGCAGTTGAGGCGTCTCTTCGA 4 2 0 
Q Q V L Q R Q I I 0 G P Q Q L R R L F D 132 
TGCCGCAAGAAATTTGCCCAACATCTGCAACATACCCAACATCGGAACTTGCCCATTCAG 480 
A A R M L P N I C N I P N I 6 T C P F R 152 
AACATGGCCCTAGGCGAACCAACCAGTGGCTGACGGAGAGGTGTGTTGTAGAATCCCATG 540 
T W t P • 155 
TTGTAGTGTGTTAATAATATAGTTAGCATCGAGGCTAATGTCGAACTAGCACTACTCCTA 600 
ATAAGAGGTTTCCAAGTTCTCTTAACTAATAAAAAAAAAAAAAAAAAAAAAAAAAA 656 
Figure 1-4: Nucleotide sequence of the MBL cDNA and the deduced amino 
acid sequence Underlined amino acids denote sequences of the two 
peptide fragments used in the designing of primers for cDNA 
amplification and for D N A sequencing; arrows indicate the cleavage 
sites of post-translational processing of the M B L precursor; and * 
marks the stop codon. 
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Large subunit (B-chain for MAB) 
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Figure 1-5: Comparisons of the precursor sequences between MBL and the 
2S seed-storage proteins of A. thaliana’ B, napus and B. excelsa 
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1,4 Genetic Engineering of Sweet Plant Protein 
Selective chemical and molecular modifications are useful methods to 
obtain information on the functional site groups of a protein molecule, especially 
of a protein whose primary and tertiary structures are known, hivestigation on 
the relationships between biological properties and specific residues is one of the 
most active applications of protein modification. When modification of a 
particular group results in reducing taste intensity, one can consider that group to 
be essential for the particular taste (or the active binding site). 
All seven sweet plant proteins are from tropical plants that cannot be 
induced to produce normal fruit outside the tropics (Most et al., 1979). Even in 
the controlled environment of a greenhouse, sweet protein production may 
eventually be not enough to satisfy the potentially large demands of food 
processors and consumers. Recombinant technology may be a means of 
producing large amounts of sweet protein or other usefiil forms in transgenic 
organisms. However, to produce high yield of sweet protein in transgenic 
microbes, the large investment in controlled growth facilities where the 
recombinant protein can be harvested and purified must be justified. Another 
consideration is that as sweet protein is intended for human consumption, a host 
organism with G R A S (Generally Recognized as Safe) status approved by F D A 
would be preferable. 
An alternative to the application of microbial biotechnology in sweet 
protein production is plant biotechnology. The cost-benefit, the figure with 
which to judge the benefit of making a recombinant protein from a transgenic 
organism, is much more attractive in a plant system. The steps of purifying a 
protein and then adding it to food later are simplified to a one-step procedure by 
growing a transgenic plant. Since plant can be eaten in the form in which it is 
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produced, no expensive purification or renaturation step or well-trained personnel 
to maintain the expensive apparatus is required. 
1.4.1 Biotechnological Studies on Thaumatin 
人 4. L1 Protein modification and sweetness 
Thaumatin contains eight disulfide bridges. Treatment ofthaumatin with 
reducing agents attacks the disulfide bonds and disrupts the tertiary structure of 
the molecule, resulting in a complete loss of the sweet taste (van der Wel and 
Loeve, 1972). After partial reduction ofadisulfide bond, thaumatin demonstrates 
a rapid autodigestion (van der Wel and Bel, 1976). This shows that the intact 
conformation of thaumatin is essential for its sweet taste. These bridges are 
responsible for the higher order structure ofthe molecule that holds the protein in 
the correct conformation for eliciting sweetness and that stabilizes the molecule 
to heat, pH denaturation and proteolytic attack. The dominant factor for the 
sweet taste is the tertiary structure as indicated by psychophysical, chemical and 
spectroscopic data (Korve et al., 1973; van der Wel et al.，1974b). Thaumatin 
comprises 3 domains. Domain II and III are stabilized by disulfide bridges and 
may play a role in the binding of thaumatin to the taste receptor (Korver et al.’ 
1973). 
The binding of thaumatin to its receptor depends on how well they fit 
together geometrically and on specific local interactions such as electrostatic 
attraction or repulsion between charged regions. The extreme sweetness of 
thaumatin is associated with a high affinity for its receptor. Acetylation of 4 of 
the 10 lysine residues destroys the sweetness ofthaumatin (van der Wel and Bel, 
1976). Lysine residues at positions 97 and 106 seem to be of particular 
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importance for the sweet taste. Modification of tyrosine residues by iodination 
also destroyed the sweetness of thaumatin. Chemical modifications showed that 
particular basic amino acids, notably Lys and Tyr, instead of the basic character 
ofthaumatin seems to be important and essential for its sweetness. 
Thaumatin dissolved in a phosphate buffer produces no sweetness but the 
sweet taste was immediately perceived on rinsing the tongue with water. Verrips 
(1992) proposed that phosphate blocks the interaction of thaumatin with the side 
of the receptor protein that is involved in the initiation of the polarization of the 
taste cell. Thaumatin may interact, via its lysine or arginine residue, with the 
membrane of the taste cell. He ftuther suggested that this mechanism was similar 
to that ofprotein signal sequences for translocation in micro-organisms and plants. 
The positively charged amino acids of the signal sequences interact with the 
phosphate group ofthe phospholipids of membranes (Saier et al., 1989). 
Site-directed mutagenesis of specific amino acids has also been done on 
thaumatin. Mutation at position 67 (Lys67 ~> Glu or Ala) in Domain II reduces 
the sweetness. Over 40 different positions have been mutated to study the 
properties of sweetness, folding, and stability ofthaumatin. hiterestingly, most of 
the mutations that reduce the sweetness are localized on one side of the molecule, 
specifically, where domains II and III come together. 
L4,1.2 Transgenic expression in microbes 
biitial studies using microorganisms to produce thaumatin were conducted 
in E. coli with the gene under the transcriptional control of the lac or E. coli trp 
promoter/operators (Edens et al., 1982). The recombinant protein synthesized 
was preprothaumatin with extension at both the amino terminus and the carboxyl 
terminus. Cloning of preprothaumatin, prethaumatin, prothaumatin and mature 
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thaumatin was also tried in E. coli. All forms were expressed but at low levels 
(Edens et al., 1982). The expression of the gene for mature thaumatin was abnost 
undetectable. The protein produced from these studies was not biologically 
active since E. coli was found incapable of processing preprothaumatin and 
secreting the protein. 
Expression of thaumatin in S. cerevisiae under the control of 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) promoter, a strong 
promoter in yeast, resulted in the synthesis of mature thaumatin with identical 
molecular size as the plant-derived one (Edens et al., 1984). However, the yield 
was quite low. Insertion of thaumatin gene into the rDNA locus of S. cerevisiae 
resulted in the integration ofabout,50-100 copies ofth'e gene and a more than ten-
fold increase in production (Lopes et al.，1989). Another yeast system used to 
express thaumatin II gene was Kluyveromyces latic (Edens et cd., 1983). Neither 
system, however, gave a correctly folded protein. Huang et al. (1987) 
synthesized variants of the natural thaumatin genes using the preferred yeast 
codons. Using the powerful phosphoglycerokinase (PGK) promoter, the 
production of thaumatin was enhanced to 20 % of the total cellular protein. The 
expressed protein was not sweet, although the protein showed cross-reactivity 
with antibodies raised to thaumatin. Therefore, yeast appears to lack the ability to 
process thaumatin into a correctly-folded and ftmctional protein. When the 
inactive thaumatin derivative was purified and subjected to protein folding in 
vitro, the refolding resulted in an immunoreactive conformation and the sweet 
activity restored (Lee et al., 1988). 
The genetic engineering and expression of the thaumatin I gene in S. 
cerevisiae (Weickmann and Ghoshdasti, 1987) and the studies on synthetic 
thaumatin II gene in E. coli (Faus et al.’ 1996) were described. Studies on the 
expression ofthaumatin in other microbes including Bacillus subtilis (Illingworth 
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et al., 1988)，Streptomyces lividans (Illingworth et al., 1989) and Aspergillus 
oryzae (Hah and Blatt, 1990) were also reported. 
L4,L3 Transgenic expression in higher plants 
To evaluate the possibility of efficient expression of a biologically 
active thaumatin in different crop plants, Witty (1990) inserted the gene for 
preprothaumatin behind the CaMV35S promoter and used Agrobacterium 
rhizogenes A4T and the shuttle vector pWIT2 to transform Solanum tuberosum 
cv. "Iwa" as a model system. He used the hairy root transformation technique 
(Witty, 1990) to successfiilly regenerate hairy root tissue into whole plants. The 
characteristic sweet taste and aftertaste of thaumatin was found in both hairy root 
samples and in plant tissues obtained from regenerated potato plants. Although 
data on precise processing of the prothaumatin were not provided, the product 
was perceived as sweet tasting, a strong indication that processing and folding of 
the transgenic product were correct and biologically active thaumatin was 
expressed (Verrips, 1992). Due to its sweet fimction, the thaumatin has been 
proposed as a screenable marker for transformation, and a vector (pWIT2) 
containing the thaumatin expression cassette was constructed (Witty, 1989，1992). 
The strong native thaumatin promoter was also used in a similar 
procedure to try to overexpress the thaumatin gene. However, no general 
expression was seen in any tissue since thaumatin only accumulates in one 
specific organ, the aril of T. daniellii. 
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1.4.2 Biotechnological Studies on Monellin 
L4.2.1 Gene modification and transgenic expression in microbes 
Monellin consists of two peptide chains as in insulin, suggesting that it 
might be synthesized in microbes, as is insulin (Goeddel et al., 1979). However, 
microbes are usually unable to express the correctly-folded and biologically-
active form of recombinant proteins. Based on this general thought, Kim et al. 
(1989) designed and synthesized linkers, using the crystal structure ofmonellin as 
reference, which were similar to the original loop structure akeady present in 
monellin. These linkers were used to connect the two peptide chains and to give 
rise to a single-chain monellin without significant alteration of its tertiary 
structure (Kim et al., 1989). E. coli was used to express these genes and all 
chimeric constructs were proved to be sweet. One ofthe newly designed proteins, 
lacking Phe of the A-chain, was found to be as sweet as the natural monellin but 
more heat and pH stable and more easily renatured after heat denaturation. 
The food yeast Candida utilis was also used to express the single-chain 
monellin (Kondo et al., 1997) under the control of the glyceraldehyde-3-
phosphate decarboxylase promoter. The high copy number integration of this 
transgene into the yeast chromosome expressed a very high level of monellin, 
accounting for more than 50 % of the soluble protein. The high level expression 
with this regulatory-friendly-host and simple purification procedure pave a road 
for the commercial development of monellin, as for thaumatin, in the highly 
competitive low-calorie sweetener market. 
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1,4,2.2 Transgenic expression in plants 
Lettuce and tomato were transformed (Penarrubia et al., 1992) with a 
synthetic single-chain monellin gene (Kim et al., 1989)， encoding both 
polypeptide chains linked by a hinge sequence under the control of the 
constitutive promoter C a M V 35S or the fruit-ripening specific tomato promoter 
E8. These chimeric gene expressions resulted in the accumulation of modified 
monellin protein in the leaf tissues and fruit of these plants to significant levels, 
as detected by immuno-blotting assay. However, a sweet taste was detected only 
when the transgenic tomato fruits containing the monellin gene under the 
regulation of the E8 promoter was subjected to ethylene treatment. These fruits 
gave a faint sweet taste characteristic of the monellin protein. Preliminary 
observations suggest that monellin must comprise approximately 1 % (by weight) 
of the total tomato protein before its flavor can be recognized. These results 
suggest that by using appropriate promoters it may be possible to produce sweet 
protein in a variety of transgenic fruits and vegetables, and to enhance their flavor 
and quality. Although the foreign genes that have been introduced into plants 
may not be stable after propagation due to the inactivation of the transgenes 
(Finnegan and McEboy, 1989), the production of monellin was shown to be 
stable and heritable. 
On the other hand, the precise amount of monellin which is required to 
elicit a detectable level of sweetness in other transgenic fruits need to be 
determined and new strategies should also be developed to increase the 
production ofmonellin in transgenic plants. 
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1.4.3 Transgenic Expression of Mabinlin in Plants 
To date, no published data were found on transgenic expression of 
Mabinlin in microbes. Transgenic expression of mabinlin in potato microtubers 
was reported (Xiong and Sun, 1996). The cDNAs encoding M B L isoforms were 
successfully cloned and sequenced by these authors. MBLII was transformed 
into Solanum tuberosum microtubers, under the control of constitutively 
expressed CaMV35S promoter and the tube-specific patatin promoter, 
respectively. The average transformation efficiency was about 5 %. GUS 
staining, Southern hybridization, and RT-PCR, were carried out to prove the 
successful gene integration and the presence of R N A transcription in potato 
tubers, and protein expression was detected by the westem blot technique. 
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1.5 Phaseolin and its regulatory sequences 
Phaseolin is the major seed storage protein in French bean (Phaseolin 
vulgaris), accounting for 40-60 % of the total protein (Osbom, 1988). It is a 
globulin as it is salt soluble. Phaseolin consists of 3 subunits, a, P and y 
polypeptides with corresponding molecular weights ofabout51, 48 and 45.5 kDa. 
The synthesis of phaseolin, under strict tissue and temporal regulation, during 
embryo development in French bean was studied by Sun et al. (1978). It occurs 
only in the cotyledon of the bean. The three polypeptides are encoded by 16s 
m R N A species. The rapid protein accumulation in the developing cotyledon 
begins when the cotyledons are about 7 m m in len^ and continues until the 
cotyledons reach 17-19 m m in length. 
The P-phaseolin gene was firstly isolated from French bean by Sun et al. 
in 1981. This gene was found to contain 80 bp of5' untranslated region, 1263 bp 
of protein-encoding region, which is interrupted by 5 intervening sequences, and 
135 bp of 3' untranslated region. Since phaseolin is an abundant seed storage 
protein, accounting for 50 % of the total protein in mature seeds in French bean 
(Ma et al., 1978)，the phaseolin promoter is a good candidate for heterologous 
expression of a target protein in transgenic plants，for both basic molecular 
studies on gene expression and for nutritional quality improvement of plant seeds. 
For example, the P-phaseolin promoter was shown to direct high-level 
expression of a phaseolin-coding sequence (Sengupta-Gopalan et al., 1985). The 
gene encoding a maize 15 kDa methionine-rich P-zein was placed under the 
control of the 5' flanking region of the French bean phaseolin gene (Hoffman et 
al., 1987) and transformed into tobacco plant. The methionine-rich zein protein 
was found to deposit in both the endosperm and embryo tissues of tobacco seeds, 
and accumulate to 1.6 % as the total tobacco seed protein. The cDNA encoding 
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the Brazil nut methionine-rich protein was attached to the 5’ and 3' regulatory 
regions of the phaseolin gene and expressed in tobacco (Altenbach et al, 1989). 
It was found that the tobacco seeds were able to process the methionine-rich 
protein from its 17 kDa precursor polypeptide into the 9 kDa and 3 kDa subunits 
of the mature protein. A methionine-rich seed protein coding sequence from 
Brazil nut was used to replace the coding region of the phaseolin gene and the 
construct was transferred into canola (Altenbach et al., 1992). The Brazil nut 
protein was found to accumulate to high levels in transgenic canola seeds. 
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1.6 Arabidopsis 
1.6.1 Arabidopsis thaliana as a model plant 
Arabidopsis thaliana is a flowering plant and an inconspicuous weed 
belonging to Brassicaceae. Yet it is a typical higher plant in most aspects, and is 
suitable for use in studies on molecular genetics (Meyerowitz, 1989; Danun and 
Halfer, 1993) because of its unusually small genome, hi addition, its small size, 
short generation time，and ability to grow well in constant fluorescent light make 
indoor maintenance of large population of Arabidopsis plants inexpensive and 
easy. The abundant seed production and small size of the seed produced after 
pollination make large-scale mutagenesis easy, as for example when plants are 
exposed to mutagens such as ethyl methanesulfonate (EMS). Many mutations 
have been identified, studied and mapped. According to the law of Mendelian 
inheritance, transgenic plants containing single transgene insertion 
(heterozygous), after self-pollination (Monohybrid cross), will give dominant 
phenotypes in three-fourths of its F1 offsprings. Furthermore, self-pollination of 
those F1 offsprings containing homozygous dominant genotypes will give 
dominant phenotypes in 100% of F2 offsprings. These F2 offsprings are said to 
be homozygous transgenic plants because they contain homozygous transgenes 
(the desired transgene present in both of its chromosomes). Therefore, 
Arabidopsis has become a desirable model organism for studies on a broad range 
ofbiological problems. 
1.6.2 Transformation methods 
Simple and easy DNA-mediated transformation of Arabidopsis makes it 
valuable for studying factors involved in gene expression or fimction. Several 
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different methods had been employed for transformation of target D N A into 
Arahidopsis genome, including direct D N A uptake using particle bombardment, 
polyethylene glycol (PEG) treatment, and ^gro^ac/er/wm-mediated 
transformation by cocultivation of callus tissue, leaf, or root explants with 
Agrobacterium tumefaciem, or the vacuum infiltration method that involves 
direct application of Agrobacterium to the plant and recovery of transformants in 
the progeny. 
1.6.2.1 DirectDNA uptake 
This method is especially important for monocots due to the low 
efficiency and failure ofusing Agro^acrer/ww-mediated transformation. Biolistic 
gene transfer ^)article bombardment) can deliver the D N A into plant cells (Seki 
et al., 1991a) using high-velocity acceleration of microprojectiles carrying 
foreign DNA, and the penetration of the cell wall and membrane by 
microprojectiles. Transient GUS expression was demonstrated in both the leaves 
and roots of Arabidopsis using particle gun delivery. Using the same 
transformation method, stable transformation ofArabidopsis was also reported by 
Seki etal.(l99lhy 
Polyethylene glycol (PEG) is a common chemical treatment used to 
facilitate D N A uptake into protoplasts of both dicots and monocots. The 
transformation of Arabidopsis using direct gene transfer method to protoplasts 
(Damm et al., 1989) was based on the PEG-mediated direct gene transfer method 
initially established for tobacco Q^egrutiu et al., 1987). 
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L6,2,2 Agrobacterium-mediated transformation 
This method was widely used after a simple and convenient leaf-disk 
method was devised (Horsch et aL, 1985) and proved to be effective in 
transferring genes into plants. This approach is based on the capability of the 
plant pathogenic Agrobacterium to integrate sequences of its tumor-inducing (Ti) 
plasmid D N A into the genomic D N A ofthe host plant. 
Leaf disks ofArabidopsis was inoculated with Agrobacterium containing 
Ti plasmid harboring a hygromycin resistant gene to generate transgenic plants 
(Lloyd et al., 1986). The Arabidopsis callus tissue was transformed by 
cultivation with Agrobacterium containing an avirulent Ti plasmid carrying the 
NPTII gene (Zhang and Somerville, 1987). A protocol was developed to 
transform Arabidopsis root explants by cultivation with Agrobacteria containing 
the kanamycin and herbicide resistance genes (Valvekens et al, 1988). The first 
non-tissue culture approach of Agrobacterium-mQdiaiQd transformation has also 
been developed in germinating seeds of Arabidopsis thaliana (Feldmann and 
Marks, 1987). As this method does not involve tissue culture for regeneration, it 
will not cause somatic mutations during the transformation process. Therefore, 
this approach is suitable for transformation of plant species recalcitrant to tissue 
culture and regeneration. However, the efficiency of whole plant transformation 
is quite low and variable. 
1.6.2.3 In planta transformation 
The first in planta transformation method was described by Feldmann and 
Marks (1987) and consisted of imbibition of seeds with Agrobacteria. It was 
further developed by Chang et al. (1994) in which young inflorescences were cut 
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offand the wounded surfaces were inoculated with Agrobacterium bearing binary 
vectors. A transformation method using vacuum infiltration of Agrobacterium 
into mature Arabidopsis was also reported (Bechtold et ai, 1993，1995 and 1998). 
The possibility of up to 5 mechanisms involved in this transformation method is 
largely unknown. By this method, all the transformants are independent and 
hemizygous for T-DNA insertions, and the target cells for Agrobacterium 
transformation are assumed to be the zygote itself or the gametes. 
This simple non-tissue culture procedure yields stably transformed A. 
thaliana seeds in only 7-8 weeks. On average, 5.5 % of the newly regenerated 
shoots produces transformed progenies. More than 90 % of the transformed 
progeny exhibit Mendelian segregation pattems of th'e marker genes. Of those, 
60 % contain one functional insert (Katavic et al, 1994). This plant 
transformation procedure is a reliable and reproducible method. As this method 
apparently does not require tissue wounding which is assumed to be a pre-
requisite for Agrobacterium-mQdmtQd transformation, it was proposed that tissues 
that have stomata and are undergoing expansion may be more subjected to 
transformation during infiltration. 
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2 General introduction and Hypothesis 
2.1 General Introduction 
Among the natural sweet proteins discovered so far, only thamnatin has 
thus far reached a highly competitive low-calorie sweetener market. Although 
thaumatin has been available in food products in Japan and Europe for more than 
a decade, its limited source makes it very expensive. Many practical difQculties 
hinder the development of sweet proteins, including heat and pH instability of 
sweet proteins during food or beverage processing, limited supply of plant 
resources, and uncertainty in the regulation offood additives. 
The development of recombinant technology opens a new door for the 
production of sweet proteins in heterologous systems. Recombinant thaumatin 
was shown to accumulate to 20 % of the total protein in transgenic 
Saccharomyces cerevisiae (Lee et al, 1988). Thaumatin protein also showed 
strong expression in Solanum tuberosum (Zenmanek and Wasserman, 1995). 
However, the solubility and sweetness of the recombinant protein were not 
consistent. Therefore, the availability ofthaumatin to industry is still very limited 
and expensive. 
Mabinlin shows relatively higher stability to heat and acidic treatments 
than other sweet proteins; thus it has advantages over other sweet plant proteins 
for use as natural sweetener. However, it still loses sweetness after breakage of 
its disulfide bonds, similar to most sweet plant proteins. The only difference 
between the heat-stable M B L isoforms II，III and IV and heat unstable M B L I，at 
protein structure level, is the 47th amino acid in large-subunit and not the position 
of disulfide bridges (Nirasawa et al., 1993). This suggests that amino acid 
arginine at position 47 in the large subimit may play a role in heat stability. 
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2.2 Hypothesis 
Based on the information from previous studies on the sweet protein 
mabinlin, the amino acid arginine at position 47 in the large subunit will be tested 
for its contribution to the mabinlin heat stability. The following hypotheses are 
proposed for testing: 
1. M B L I and M B L III，are highly similar in their sequences despite the three 
amino acid differences (Figure 2-1) (Xiong et al., 1997). They are the most 
suitable candidates of heat-unstable and heat-stable homologues, respectively, 
for use to test the hypothesis. 
2. If the basic amino acid arginine of position 47 'of heat-stable M B L III is 
replaced by the neutral amino acid glutamine (as in heat-sensitive isoform I) 
or a similar-sized basic amino acid (e.g. Lys), the mutant wiU reverse or 
maintain its heat-stable property, respectively (Table 2-1). 
3. Similarly, if the neutral amino acid glutamine at position 47 of heat-sensitive 
isoform I is replaced by the basic amino acid arginine or a similar-sized acidic 
amino acid (e.g. Asp"), the mutant will reverse or maintain its heat-sensitive 
properties, respectively (Table 2-1). 
4. To test these hypotheses, wild-type and modified mabinlin genes (Figure 2-2) 
(Sun et al.，1997) under the control of a strong seed-specific phaseolin 
promoter and terminator will be constructed and expressed in Arabidopsis. 
The integration and expression of the wild type and mutant M B L s will be 
analysed in transgenic Arabidopsis seeds. These transgenic plants will 
establish a model system to test hypotheses 2 and 3. 
5. If time permits, the heat stability of the mutant MBLs (Hypotheses 2 and 3) 
will be tested. 
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Figure 2-1: The complete amino acid sequences ofMBL isoforms I，11 & III 
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Table 2-1: Hypotheses to test the importance of 47th amino acid of the large 
subunit on MBL thermal stability 
Mutant: MBL III-Gln: heat sensitive ？ MBL I-Arg:- heat stable ？ 
To test the CAA AGA 
importance of Q R 
47^ amino acid (Ghi) (Arg+) 
i k i i 
W ^ L . — . 
MBLED-wt heat stable. MBL ^wl: heat sensitive. 
DNA sequence CGrT 一 — ‘ 一 一“"CAA -
47^ amino acid p • 
of large subunit (Arg+) (Gln) 
^ r ， r 
Mutant: MBL III-Lys: heat stable ？ MBL I-Asp: heat 
To test the sensitive ？ 
importance of — — A A G 
— 
^ 
the charge of D 
47^ amino acid (LyO (Asp-) 
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Small subunit ( A chain) 
i 1 
MBL I I ATGGCGAAGCTCATCTTCCTCTTCGCGACCTTGGCTCTCTTCGTTCTCCTAGCGAACGCJ： 
I ATGGCGAAGCTCATCCTCCTCTTGACCACCTTGGCCCTCTTTGTTCTCCTGGCCAACGCC 





























Figure 2-2: Comparison of the nucleotide sequences of the cDNAs 
encoding the MBL isoforms (MBL I，II and III) Black arrow 
indicates start codon (ATG); *** denotes stop codon;-一 
shows a gap resulting from maximizing nucleotide matching; 
]indicates the 47^ codon in the large subunit. 
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3 Molecular Studies on Sweet Protein Mabinlin : Thermal 
Stability 
3.1 Introduction 
Mabinlin (MBL), a sweet plant protein from mabinlang seeds, has been 
purified and characterized for its chemical and physical properties, structure, and 
sweetfimction(Hu&He, 1983;Hue^a/., 1985;Ding&Hu^ 1986;Liu&Hu^ 1988; 
Liu et al., 1993; and Nirasawa et al., 1993，1994). At the molecular level, cDNAs 
encoding the M B L isoforms have been cloned, sequenced and characterized 
(Xiong et al.，1997). To study the relationship between the 47^ amino acid in the 
large subunit ofMBL and its thermal stability, single aunino acid modifications will 
be performed in cDNAs encoding the heat-stable M B L III and heat-unstable M B L 
Chimeric genes encoding wild type M B L III Q>BI / phas / MBLIII-wt), 
mutant M B L III Arg47^Ghi (pBl / phas / MBLIII-GLN), and mutant M B L III 
Arg47^Lys ^>BI / phas / MBLIII-LYS), under the control of the regulatory 
regions of the seed-specific phaseolin gene, will be constructed and transformed 
into Arabidopsis. These chimeric genes, without a signal peptide ofphaseolin, are 
expected to direct the expression of M B L III into the cytosol of transgenic 
Arabidopsis seeds and to reverse or maintain the heat-stability of the wild-type 
M B L III protein. 
To further analyze if the 47^ amino acid of M B L large-subunit and/or the 
charge of this amino acid would affect the thermal stability of M B L protein, 
chimeric genes encoding the wild type M B L I (pBI / phas / MBLI-wt), mutant 
M B L I Ghi47^Arg {jpBl / phas / MBLI-ARG), and mutant M B L I Gh47^Asp 
(pBI / phas / MBLI-ASP) under the control of the regulatory regions of the 
phaseolin gene will also be constructed and transformed into Arabidopsis. The 
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modified proteins are expected to reverse or maintain the heat-instabiUty of wild-
type MBLI protein, respectively. 
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3.2 Materials 
3.2.1 Laboratory Wares 
All general glasswares were cleaned and rinsed in distilled water. Before 
using for D N A experiments, they were autoclaved at 121 °C for 20 minutes at 
lkg/cm^. Before using for R N A experiments, they were wrapped by heavy duty 
aluminium foil and baked at 240。C for six hours. 
All plastic-wares were sterile and disposable, or autoclaved at 121。C for 20 
minutes at lkg/cm^ before D N A experiments. Those for R N A experiments were 
immersed in 1 % DEPC-treated ultra-pure water and kept ovemight shaking. They 
were then autoclaved at 121 ®C for 20 minutes to remove residual DEPC. 
3.2.2 Equipments 
M J Research Peltier Thermal Cycler was used to perform PCR. Perkin 
Ehner Thermal Cycler and ABI Prism 310 Genetic Analyzer were used to perform 
automatic D N A seuqencing. Hewlett Packard N-terminal Protein Sequencer was 
used for protein sequencing. 
3.2.3 Chemicals 
All chemicals and reagents were reagent grade, molecular grade or better. 
They were purchased from Sigma Chemical Co., Bio-Rad Co. or otherwise 
specified. Molecular enzymes were mostly purchased from Promega Co., 
NewEngland Biolabs Co. or otherwise specified. 
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3.2.4 Commerical kits 
Table 3-1: Name and brand of commercial kits used in different experiments 
Experiment Name of klt Brand 
Mini-preparation of 
plasmids 
Wizard Plus Minipreps D N A 
Prification System 
Promega 
Gel purification of 
DNA 
Sephaglas™ Band Prep Kit Pharmacia 
Site-directed 
mutagenesis 
Altered Sites II In vitro Mutagenesis 
System 
Promega 
T/A cloning pGEM®-l Easy Vector System Promega 
Automatic cycle 
sequencing 
dRhodamine Terminator Cycle 
Sequencing Kit 
Perkin Elmer 
Protein assay Bicinochoninic Acid BioRad 
Westem blot A U R O R A Westem Blot 
Chemiluminescent Detection System 
ICN 
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3.2.5 DNA primers 
Table 3-2: Primers designed for megaprimer PCR 
Name of primer Sequence (5，to 3，) Length (nt) GC/AT 
M B L F O R CCC CGT CTA CAT G G C G A A GCT 
CAT CCT CCT 
30 18/12 
M B L R E V CCC CGT ATA CCT ACC ATC TCG 
T G A ACT G G C 
30 17/13 
MIII - G L N CTC T G A ATA G|TT G|CC TCA CCT 
G G 
23 12/11 
MIII-LYS CTC T G A ATA G|CT T|CC TCA CCT 
G G 
23 12/11 
M I - A R G TCT A A A TAG | ^ CCT C A C CTG 
G C 
^ 11/12 
M I - A S P TCT A A A TAG |ATC| CCT C A C C T G 
G C 
23 11/12 
Table 3-3: Primers designed for in vitro mutagenesis 
Name of primer Sequence (5，to 3，) Length (nt) GC/AT 
pA-MIII G L N C C A C G C C A G G T G A G G ^ ^ 
CTA TTC A G A G C C GCT 
33 20/13 
pA-MIII LYS C C A C G C C A G G T G A G G 
CTA TTC A G A G C C GCT 
A A G 33 20/13 
pA-MI A R G C C A C G C C A G G T G A G G 
CTA TTT A G A G C C G C 
A G A 32 19/13 
pA - MI ASP C C A C G C C A G G T G A G G _ 
TTT A G A G C C G C C 
CTA 33 20/13 
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Table 3-4: Primers designed for checking DNA sequence 
Name of primer Sequence (5，to 3，) Length (nt) GC/AT 
pPha-1 ATC ATC CAT C C A TCC A G A GT 20 9/11 
pPha-2 A G A A G T G A G ATG G A G CTC A G 20 10/10 
Note: 
Underline sequence : restriction enzyme site AccI to be added 
mutated codon sequence to generate single amino acid mutation 
3.2.6 DNA plasmids 
The wild-type cDNAs of MBI I & III，containing in the plasmids 
pBluescript, were provided by Prof. Sun, S.S.M. (CUHK, Hong Kong). Plasmid 
pAlter-exl for site-directed mutagenesis was from Promega (Altered Sites II in 
vitro Mutagenesis System). The plasmid pD38 containing phaseoUn gene 
sequence and pTZ-19U sequence was also provided by Prof. Sun, S.S.M. The 
Agrobacterium binary vector pBI121 was purchased from Clontech, USA. Most 
other plasmids were purchased from Strategene or otherwise specified. 
3.2.7 Bacterial strains 
Most plasmid DNAs were manipulated in E.coli DH5a cells, or otherwise 
specified. For site-directed mutagenesis, E.coli JM109 and ES1301 mutS were 
provided in the kit (Promega). For plant transformation, Agrobacterium 
tumefacien GV3101 / pMP90 were provided by Prof. Lam, H.M. (CUHK, Hong 
Kong). 
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3.2.8 Plant materials 
Arabidopsis thaliana ecotype Columbia-0 was provided by Prof. Lam, 
H.M. (CUHK, Hong Kong). 
3.2.9 Protein and Antibody 
Purified MBLII protein was provided by Dr. Hu Zhong (Kunming histitute 
of Botany, China). Rabbit antiserum against purified M B L II linearized protein 
and large subunit plus small subunit was self-prepared. 
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3.3 Methods 
3.3.1 Transformation oiArabidopsis with MBLIII and MBLI genes 
5.3,1.1 Construction of mutant MBLIII and MBLI genes containing single 
codon mutation by megaprimer PCR 
pBK-MBLIII and pBK-MBLI (Xiong et al., 1997) harboring the fuU length 
MBLIII and MBLI cDNA, respectively (Figure 2-2) in pBluescript SK" vector 
(Strategene) were used as the starting materials. A 25p,l PCR reaction mixture 
containing 20 ng pBK-MBLIII / pBK-MBLI, 1.5 m M MgClj, 0.2 m M dNTPs, 
l[M M B L F O R primer, l|iM MIII-GLN, or MIII-LYS, and MI-ARG, or MI-ASP 
primer (Table 3-2), IX Tfl reaction buffer [50 m M Tris-HCL (pU 9.0), 20 m M 
pffl4)2SOJ and 1 unit Tfl thermostable D N A polymerase (Epicentre Technologies) 
was used to amplify and generate the corresponding MBLIII and MBLI 
megaprimer sequences, respectively (from start codon to 10 bp 3，downstream of 
codon sequence being mutated). The conditions for hot start PCR reaction were as 
follows: 1 cycle of95。C for 10 minutes (added D N A polymerase after 7 minutes), 
then 30 cycles of 95。C for 1 minute, 57。C for 1 minute, 72 T for 1 minute 
followed by 1 cycle of 72。C for 7 minutes. 
The double-stranded product of 1^  round PCR (417 bp) was purified and 
used as one of the primers (so called "megaprimer") in the second round of PCR 
along with the other flanking primer (MBLREV). A 25p,l PCR reaction mixture 
containing 20 ng pBK-MBLIII or pBK-MBLI, 1.5 m M MgCl2, 0.2 m M dNTPs, 
l^iM M B L R E V primer (Table 3-2), 680 ng (0.1 ^ M) of megaprimer {V' PCR 
purified DNA), IX Tfl reaction buffer and 1 unit Tfl thermostable D N A 
polymerase was used to amplify the 3' downstream D N A sequence of the 
mutagenic codon (from 11 bp 3，downstream of codon sequence being mutated to 
stop codon). The conditions for touchdown PCR reaction were as follows: 1 cycle 
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of95。C for 10 minutes (added D N A polymerase after 7 minutes), then 35 cycles of 
95。C 1 minute, annealing temperature for 1 minute, 72。C for 1 minute (annealing 
stage for 13 cycles per temperature step beginning at 93�C and decreasing at 3 ®C 
increments to 57 °C; followed by 22 additional cycles at 57。C)，then finally 1 cycle 
of 72 °C for 7 minutes. The resulting D N A product was MBLIII c D N A or MBLI 
c D N A sequence containing single codon mutation flanked by the two primers 
introducing AccI sites. This double-strand mutant D N A product from the 2°^  round 
ofPCR (494 bp) was purified. 
The purified double-stranded PCR product was used as the D N A template 
for reamplification. A 25 ^il PCR reaction mixture containing 20 ng D N A template, 
1.5 m M MgCl2, 0.2 m M dNTPs, l^iM M B L F O R primer, l^iM M B L R E V primer 
(Table 3-2)，IX Tfl reaction buffer and 1 unit Tfl thermostable D N A polymerase 
was used to reamplify mutant MBLIII c D N A and mutant M B L I c D N A flanked by 
2 AccI restriction enzyme sites. The PCR conditions for reamplification were as 
follows: 1 cycle of95。C for 10 minutes (added D N A polymerase after 7 minutes), 
then 35 cycles of95 °C for 1 minute, annealing temperature for 1 minute, 72 °C for 
1 minute (annealing stage of 11 cycles per temperature step beginning at 70。C and 
decreasing at 1 T increment to 60。C，followed by 24 additional cycles at 60。C)， 
then a final cycle of 72。C for 7 minutes. 
The wild-type MBLIII and wild-type M B L I cDNAs flanked by two AccI 
sites were amplified by the same conditions as used in the 1^  round PCR as 
described before, except using primers M B L R E V instead ofprimers MIII~GLN or 
-LYS and MI-ARG or -ASP, respectively, in the reaction mixture. The resulting 
PCR product was 494 bp for both wild-type MBLIII and M B L I cDNAs and for 
reamplified mutant MBLIII G L N cDNA, MBLIII LYS cDNA, M B L I A R G cDNA, 
and M B L I ASP cDNA. These six PCR products were gel purified for later 
experimental use. 
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pBK-MBLIII or I (wild-type) 
5'_ 


















2"d round PCR 
V 
mutagenic codon Acc I 
Mutant MBLIII or I nDNA * 
">e 
V 
isolate 494bp DNA 
If the yield is poor, PCR reamplification using MBLFOR and MBLREV primers 
Figure 3-1: Strategy to construct mutagenic MBLIII and MBLI cDNAs 
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3.3.L2 Cloning ofPCR-amplifiedMBLIII and MBLI cDNAs into vector 
pD3'8 
As shown in Figure 3-2, the purified PCR products from Section 3.3.1.1 
including both the wild-type and the mutant MBLIII and M B L I cDNAs flanked by 
AccI sites, were first digested with AccI and ligated to the AccI-cut pD3-8 (Doyle 
et al., 1986 and Slightom et al., 1983) to replace the phaseolin coding sequence. 
AccI AccI 
Wild-type MBLIII or I cDNA 
AccI mutagenic codon AccI 
»<-




Acc I digestion & ligation 
AccI 
AccI pDMBLIII or 
5.8kb 
Hindlll 
Figure 3-2: Strategy to clone MBLIII and I chimeric cDNAs into pD38 
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3,3,L3 In vitro site-directed mutagensis ffor the construction of MBLIII and 
MBLI cDNAs containing single codon mutation) 
Since the method of megaprimer PCR was inconsistent and inefficient in 
generating the mutagenic PCR products and not all six PCR products could be 
cloned into pD3-8, an alternative method was used to achieve the site-directed 
mutagenesis. The Altered sites II in vitro Mutagensis System ofPromega was used 
to create single codon mutation in MBLIII and MBLI genes, respectively. The 
strategy was shown in Figure 3-3. Plasmids pBK-MBLIII and pBK-MBLI 
(Xiong et al., 1997) which carry the full length MBLIII and M B L I cDNA, 
respectively (Figure 2-2) in pBluescript SK(-) vector (strategene) was used as 
D N A template. Primers MBL-FOR and M B L - R E V were used to amplify the 
MBLIII c D N A and M B L I c D N A sequence from start to stop codon. The 25 ^ 1 
PCR reaction mixture contained 20 ng pBK-MBLIII or pBK-MBLI plasmids 
DNA, 1.5 m M MgClj, 0.2 m M dNTPs, 1 jiM MBLFOR, 1 ^ M M B L R E V , IX 
buffer IV [75 m M Tris-HCl ^ >H 8.8), 20 m M 0vJH4)2SO4 and 0.01 % Tween] and 1 
unit thermoprime polymerase (Advanced Biotechnology). The PCR conditions 
were as follows: 1 cycle of 95 °C for 10 minutes (added polymerase after 7 
minutes), then 35 cycles of95 °C for 1 minute, annealing temperature for 1 minute, 
72 °C for 1 minute (annealing stage of 17 cycles per temperature step beginning at 
94 °C and decreasing at 0.5。C increments to 57。C，followed by 18 additional 
cycles at 57 °C), then a final 1 cycle of72 °C for 7 minutes. 
The resulting PCR product was blunt-ended and flanked by the two primers 
introducing AccI sites. This 494-bp blunt-ended PCR fragment was purified and 
named MIII-wt (MBLIII-wild-type) or MI-wt (MBLI-wild-type). For making 
mutant MBLIII and mutant M B L I cDNAs, the purified blunt-ended PCR fragment 
was ligated into the StuI site ofpAlteMx I plasmid (Promega), generating plasmid 
pAher~ex I / MBLIII and pAlter-ex I / M B L I for site directed mutagenesis (Figure 
3-3). The mutagenic primers, pA-MIII GLN, pA-MIII LYS, pA-MI ARG, and 
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pA-MI ASP (Table 3-3) were used to create the corresponding codon mutation at 
47^ amino acid of the large subunit. The putative mutated plasmids, containing 
only one-strand of mutagenic sequence, were transformed into ES1301 mutS cells 
using ampicillin selection (125 ^g/ml). The plasmids were purified and 
transformed into JM 109 bacterial cells to produce double-strand DNA. 
The resulting plasmids, double stranded D N A s containing ampicillin 
resistance gene and MBLIII c D N A or M B L I c D N A with respective mutated codon, 
were selected by ampicillin (125 i^g/ml). The resulting plasmids were named 
pAlter-ejc I / MBLIII"GLN, pAlteMJc I / MBLIII-LYS, pAlter^JC I / MBLI-ARG 
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Figure 3-3: Strategy of in vitro mutagenesis 
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To specifically confirm the presence of mutated codon in MBLIII and 
MBLI cDNA in pAIter-exl / MIII-GLN, MIII-LYS, MI-ARG, MI-ASP, restriction 
enzyme digestion was used (Table 3-5). 
Table 3-5: Restriction enzyme site resulting from single codon mutation of 
MBL III and MBL I 
Restriction enzyme (RE) cutting site Mutated codon 
Mutant: 
Modified 
D N A sequence 
RESite 
MBL I-ARG 
G G A G A C 
(BsmA I) 
Wild-type 




G G C G T C 
(AcyI) 
MBL I-wt 
G G | C A A | C 
(Nil) 
Mutant: MBL III-LYS MBL I-ASP 
Modified 
D N A sequence 
RESite 
i ———T 
G G | A A G | C T A T T C G G ^ ^ C T 
(XmnI) (BstYI) 
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3,3,L4 Cloning ofthe wild-type and mutated MBLIII and MBLI cDNA into 
vector pTZ/ phas 
As shown in Figure 3-4，the wild-type MBLIII c D N A (MIII-wt) or wild-
type MBLI cDNA (MI-wt) and the mutant MBLIII cDNA or the mutant MBLI 
cDNA contained in pAher~ex I，i.e. pAlter-ex I / MBLIII or MBLI, pAlter-ex I / 
MBLIII-GLN or -LYS and pAlter-ex I / MBLI-ARG or -ASP, respectively, from 
section 3.3.1.3 were digested with AccI and ligated to AccI~cut pTZ / phas to 
replace the phaseolin coding sequence. The resulting plasmids, pTZ / phas / 
MBLIII-wt, -GLN or -LYS, and pTZ / phas / MBLI-wt, -ARG or -ASP, were 
selected by ampicillin 100 (100 ngAnl). 
3,3,L5 Confirmation of sequence fidelity and mutated codon in MBLIII and 
MBLI cDNA by DNA sequencing 
Sequencing was done on all the six constructs, pTZ / phas / MBLIII, and 
pTZ / phas / MBLI using two specific primers, pPha-1 and pPha-2 containing 
phaseolin promoter and terminator sequence respectively (Table 3-4)，to check the 
fidelity ofthe wild-type MBLIII, the wild-type MBLI, the mutated MBLIII cDNA， 
and the mutated MBLI c D N A sequences and their ligation junctions. The cycle 
sequencing reaction was performed by using ABI Prism™ dRhodamine 
Terminator cycle sequencing. To specifically re-confmn the presence of mutant 
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Figure 3-4: Strategy to clone wild type and mutant MBLIII and MBLI 
cDNAs into seed-specific expression vector pTZ / phas 
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3.3.1.6 Transfer ofwild-type MBLIII andMBLIcDNA flanked by phaseolin 
regulatory sequence into Agrobacterium binary vector 
Recombinant plasmids pTZ / phas / MBLIII-wt, -GLN and -LYS, and pTZ 
/ phas / MBLI-wt, - A R G and -ASP from session 3.3.1.4 were digested with 
HindIII, and the wild-type MBLIII, wild-type MBLI, mutant MBLIII, and mutant 
M B L I cDNAs flanked by phaseolin regulatory sequences were excised and 
collected. Each of these chimeric genes was inserted into the HindIII~cut 
Agrobacterium binary vector, pBI121 (Clontech, USA), which carries the 
neomycin phosphotransferase II O^PT II) selectable marker (kanamycin resistant) 
and P-glucurondiase (GUS) screenable marker genes. The resulting plasmids were 
selected by kanamycin (100 i^g/ml) and named pBI / phas / MBLIII-wt, -GLN 
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Figure 3-5: Strategy to clone mutant MBLIII and MBLI chimeric genes into 
plant expression vector pBI121 
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3,3,L7 Transformation of Agrobacterium with pBI/phas/MBLIII andpBI/ 
phas /MBLI chimeric gene constructs 
The ligated constructs, pBI / phas / MBLIII-wt, -GLN or -LYS and pBI / 
phas / MBLIII-wt, -ARG or -ASP and vector pBI 121 only were transformed into 
Agrobacterium G V 3101 / pMP 90 by electroporation. The method used was 
originally developed by Sambrook et al. (1989) and modified by Lam H.M. 
(CUHK, Hong Kong). 
An aliquot (40 ^il) ofGV 3101 / pMP 90 compentent Agrobacterium cells 
was defrozen on ice and mixed with 1 ^ il of 50 ng pBI / phas / MBLIII or pBI / phas 
/ MBLI plasmids (session 3.3.1.6) in an eppendorf tube. The suspension was 
gently-mixed and incubated on ice for 1 minute. It was transferred to a pre-chilled 
electroporation cuvette (BioRad) carefully and the suspension was gently shaked to 
the bottom ofthe cuvette without introducing any bubbles. 
The Gene Pulser apparatus (BioRad) was set with the following conditions: 
25^ iF, 2.5kV, 600 ohms. The cuvette containing Agrobacterium cells-DNA 
mixture was applied with a pulse. After a pulse, 1 ml SOC medium (2 % Bacto-
tryptone, 0.5 % Bacto-yeast extract, 10 m M NaCl, 2.5 m M KC1, 10 m M MgCl2, 10 
m M MgSO4 and 20 m M glucose) was added immediately to the cuvette and the 
cells were quickly resuspended. The cell suspension was transferred to a 17 X 100 
m m polypropylene tube and shaked at 28。C for 2 hours. Then 5 ^il, 50 ^il and the 
remaining cell-pellet of the culture were spreaded on LB plus rifampicin (50 
^g/ml), gentamycin (25 ^g/ml), and kanamycin (50 ^g/ml). The plates were 
incubated at 2 8� C for 2 to 3 days to allow transformed Agrobacterial colonies 
containing pBI / phas / MBLIII and pBI / phas / MBLI cDNAs to develop and be 
selected. 
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3,3,L8 Vacuum infiltration transformation of Arabidopsis 
The method used was originally reported by Bechtold et al. (1993) and 
modified by Lam H.M. (CUHK, Hong Kong). Arabidopsis thaliana ecotype 
Columbia~0 seeds were sowed onto soil and kept at 4 °C for at least 2 days as 
imbibition period to synchronize germination. The seeds were then allowed to 
germinate and grow on plastic pots in growth chamber for four to six weeks at 22 
°C, with a light (daylight, 400 klux) to dark cycle of 16 hours and 8 hours, 
respectively. Arabidopsis plants were irrigated weekly with IX Arabidopsis 
fertilizer (5 mM KNO3, 2.5 mM KPO4 Q)H 5.5), 2 mM MgSO4, 2 mM Ca_3)2 , 
0.5 m M FeEDTA, 70 ^ iM boric acid, 14 ^ M MnCl2, 5 ^ M CuSO4, 1 ^ iM ZnSO4, 
0.2 ^ M NaMoO4, 10 n M NaCl and 0.01 ^ M CuCl2). 
Plants were ready for ^ gro^^7C/er/wm-mediated transformation when the 
primary inflorescence (flower clusters) was 5 - 15 cm tall and the secondary 
inflorescence were appearing at the rosette. Any siliques in the plants were cut off 
right before infiltration. 
Five hundred ml dense culture of transformed Agrobacteria G V 3101 / 
pMP 90 containing pBI / phas / MBLIII cDNAs or pBI / phas / MBLI cDNAs or 
pBI121 was prepared in YEP medium (10 g/L Bacto peptone, 10 g/L yeast extract, 
5 g/L NaCl) containing rifampicin (50 mg/L), gentamycin (25 mg/L) and 
kanamycin (50 mg/L), at 28。C with shaking. The culture was ready for use when 
its OD500 was greater than 2.0. It was spun at 7,000 rpm at 4 °C for 20 minutes. 
The bacterial pellet was resuspended in one litre of infiltration medium [2.2 g/L 
M S salts (Gibco), IX B5 vitamins (0.1 g/L myoinositol, 0.01 gfL thiamine-HCl, 
0.001 g/L nicotine acid and 0.001 gA^ pyridoxine-HCl), 50 g/L sucrose, 0.5 gfL 
MES, 0.044 ^ iM benzylamino-purine and 0.02 % Silwet™ L-77, (pH 5.7)].The 
resuspended culture was placed in a mbbermaid container inside a vacuum 
desiccator. 
58 
The pots containing the plants were inverted and immersed into 
Agrobacterial suspension in infiltration medium. The entire plant including the 
rosettes should be fully covered inside the medium to ensure successful 
transformation. Vacuum was applied at 400 m m H g for 10 minutes after bubbles 
started to arise from the plants. The infiltrated plants were air-dried briefly for 
several hours and set upright by hollow plastic cylinders to enclose the whole plant. 
They were grown under the same conditions as described before. 
When most of the siliques become mature after four to six months, the 
plants were stopped from watering. Seeds were harvested from individual 
infiltrated plants after they dried out. These plants were regarded as R^ plants. 
3,3,1,9 Screening of homozygous transgenic Arabidopsis 
One hundred ^1 of seeds (roughly 2,500 seeds) from each R^ plant was 
sterilized under laminar hood before plating on selection plates for screening. 
Undiluted chlorox (sodium hyprochlorite, 5.25 %) was added to the eppendorf 
tubes containing the seeds and they were vortexed for 3 minutes. After further 
washing with 1 ml sterile distilled water for 3 times, 1 minutes each, the sterilized 
seeds were plated on circular plate containing M S medium [4.3 g/L M S salts 
(Gibco), 1 % sucrose, 0.5 gfL M E S and 0.9 % bacto-agar, (pU 5.7)] with 50 mg/L 
kanamycin. The plates were placed at 4 °C for 2 days and then placed in growth 
chamber with the growing conditions as described in section 3.3.1.8. After one 
week, putative transformants appeared as deep green plantlets were transferred into 
a 9 cm X 9 cm M S square plate (to allow longer root development) containing 50 
mg/L kanamycin for fiuther growth in the growth chamber. After about one to two 
weeks, Ri plants showing true leaves were transferred to soil and allowed to grow 
under alternate light and dark cycles as describe in section 3.3.1.8. hidividual 
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transformant was enclosed with a hollow plastic cylinder to ensure self-
fertilization. 
Mature seeds of Ri plants were harvested individually for each plant for 
both MBLIII and MBLI constructs. Only MBLIII constructs were kept going on 
for later experiments and procedures. About 50 seeds were sterilized using 
procedures as described before. Sterilized seeds were plated on circular plates 
containing M S / kanamycin 50, in array order and placed in growth chamber under 
growing condition as described in section 3.3.1.8. The number of green 
transformants and yellow plantlets were counted from each plate. These figures 
were used for selection of Rj transgenic plants harboring transgene insertion into 
one chromosome only (single gene insertion). 
Transgenic R2 plants in deep green and with acceptable chi-square values 
(green : yellow = 3 : 1) were selected from these plates. They were transferred to 
new M S / kanamycin 50 square plates for fiuther growth. When their roots were 
well developed after three weeks, these plants were transferred to soils and 
enclosed with hollow plastic cylinders as described before. After setf-fertilization 
ofindividual R2 plants, their mature seeds were harvested. 
Finally, seeds from Rj plants were selected for homozygosity. About 50 
harvested seeds were sterilized and spread on M S / kanamycin 50 square plates in 
array order as described before. They were placed in growth chamber under 
growing condition described in section 3.3.1.8. Transgenic plant lines (R3), with 
all their plated seeds survived on the plate and grown into deep green plantlets, 
were allowed to grow fiuther following procedures as mentioned previously. 
These homozygous R3 plants were used for MBLIII expression analysis. 
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3.3.2 Expression analysis of MBLIII transgene 
3.3.2.1 GUS assay of transgenic plants 
GUS assay was carried out following the standard protocol ofJefferson et 
al. (1987). 
One to several pieces of leaves were cut from each R3 transgenic plant and 
placed into a pypropylene tube containing the G U S staining buffer [100 m M Na-
phosphate buffer (pH 7.0), 0.1 % Triton X-100, 0.5 m M K-ferricyanide 
(K3Fe(CN)6), 0.05 % X-glucuronide (X-gluc, dissolved in DMF) and 1 m M 
EDTA]. After overnight incubation at 37 °C, the leaf pieces were treated with 70 
% ethanol to eliminate the interference of chlorophyll. The chlorophyll-removed 
plants were placed in 50 % glycerol for long time storage. 
3.3.2.2 Genomic DNA isolation from transgenic plants 
Genomic D N A was extracted from fresh Arabidopsis leaves following the 
CTAB protocol (Doyle et al., 1990). Fresh leaves (about 0.75 g) were ground to 
power in liquid nitrogen in a chilled mortar and pestle. The powder was scraped 
directly into 50 ml sterilized falcon tube containing 5 ml preheated CTAB 
extraction buffer [2 % CTAB, 1.4 M NaCl, 20 m M EDTA, 0.1 M Tris HC1 (pU 
8.0)，0.2 % P-mercaptoethanol]. It was swirled gently and incubated at 60。C for 
30 minutes with occasional swirling. The plant lysate was mixed gently with 5 ml 
chloroform-isoamyl alcohol (24 : 1，v/v) and centrifuged at 1,600 X g in a swinging 
bucket rotor at room temperature for 10 minutes. The upper aqueous phase was 
transferred to a new sterile falcon tube by using sterile wide-bore pipette tips. It 
was mixed with two-third volume of cold isopropanol to precipitate the nucleic 
acids and then centrifuged at 1,600 X g at 4 °C for 10 minutes. The supematant 
was discarded and pellet was washed and resuspended with 10 ml washing buffer 
61 
(75 % ethanol, 10 m M ammonium acetate). The suspension was centrifuged again 
at 1600 X g at 4 °C for 10 minutes and the supematant discarded. The pellet was 
dried under vacuum for 10 minutes at room temperature. The dried D N A pellet 
was resuspended in 50 ^ 1 TE buffer [10 m M Tris-HCl ^ )H 8.0)，1 m M EDTA]. 
The resuspended pellet was added with 5 [d ofRNase A (0.1 mg/ml, Promega) and 
incubated at 37 °C for 30 minutes. The D N A solution was transferred to a new 
eppendorf tube using wide-bore pipette tips and spun for five minutes. The clear 
supematant was stored in a new eppendorf and its D N A concentration was 
determined by spectrophotometric measurement at ODjgo- The quaHty of D N A 
was checked by gel electrophoresis. 
3,3.2,3 PCR amplification of transgene 
Genomic D N A from homozygous and control Arabidopsis leaves was used 
as the starting materials for genomic PCR. A 25 i^l PCR reaction mixture 
containing 2 i^g of genomic DNA, 1.5 m M MgClj, 0.2 m M dNTPs, 1 ^ M 
M B L F O R primer and 1 ^ M M B L R E V primer (Table 3-2), 0.2 m M dNTPs, IX Taq 
reaction buffer and 2.5 units Taq polymerase (Promega) was used to amplify the 
MBLIII transgene. The PCR conditions were as follows: 1 cycle of 95 °C for 10 
minutes (added D N A polymerase after 7 minutes), then 30 cycles of 95 °C for 1 
minute, annealing temperature for 1 minute (annealing for 7 cycles per temperature 
step beginning at 72 °C and decreasing stepwise at 1 °C to 65 °C, followed by 23 
additional cycles at 65 °C), 72 °C for 1 minute, then a final 1 cycle of72 °C for 7 
minutes. The resulting D N A product would be MBLIII cDNA sequence with or 
without a single codon mutation (transgene). 
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5.3.2.4 Total RNA isolation from transgenic Arabidopsis 
Total R N A was extracted from developing siliques using the method of 
Altenbach et al (1989). 
Fresh plant siliques were harvested and frozen immediately by liquid 
nitrogen. About 0.1 g of chilled siliques was ground into fine powder by a baked 
mortar and pestle with liquid nitrogen. 
The powdered tissue was added to 0.5 ml pre-heated extraction buffer [0.1 
M LiCl, 0.1 M Tris-HCl Q)H 8.0)，0.1 M EDTA, 1 % SDS, haIfvolume ofphenol, 
prewarmed to 80 °C] and vortexed for 30 seconds.. It was mixed with 0.25 ml 
chloroform/isoamyl alcohol (24 : 1) and vortexed again before being centrifuged at 
14k rpm for 15 minutes. The upper clear aqueous layer was then mixed with one 
portion of4 M LiCl and incubated at 4 °C for one hour to precipitate nucleic acids. 
The mixture was subjected to centrifuge at 14k rpm at 4 °C for 30 minutes and the 
pellet was added with 100 ^il cold absolute ethanol to remove any residual phenol, 
which may inhibit enzymatic activities in later experiments. It was spun for 10 
minutes and the pellet was dried under vacuum centrifugation. 
The pellet was resuspended in 0.25 ml DEPC-treated water and then added 
with 25 ^ il 3 M sodium acetate (pU 5.5) and two volumes of absolute ethanol for 
precipitation of RNA. The mixture was incubated at 20 °C for one hour. It was 
centrifuged at 14k rpm at 4 °C for 30 minutes and the pellet was washed with 200 
|il absolute ethanol. It was again centrifuged at 14k rpm at 4 °C for 20 minutes and 
the R N A pellet was dried under vacuum centrifugation. The dried R N A pellet was 
resuspended into 15 ^il DEPC-treated HjO and then subjected for D N A digestion. 
For each jiig RNA, 1 unit ofDNase I in 10 ^il IX DNase I reaction buffer was added 
and then incubated at 25 °C for 15 minutes. The DNase activity was inhibited by 
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adding 1 ^il 25 m M E D T A and incubated at 65 °C for 10 minutes. The amount of 
R N A was estimated by spectrophotometric measurement at OD260. 
3.3,Z5 RT-PCR oftotalRNA from transgenic Arabidopsis 
First strand cDNA was synthesized by reverse transcription of total seed 
RNA. Fifteen jjl mixture containing 0.5 ^g total R N A and 0.5 i^g primer 
M B L R E V (Table 3-2) in DEPC-HjO was first denatured at 65 °C for 5 minutes 
followed by immediate chilling on ice. The RNA/primer template was used to 
produce 1^  strand c D N A by adding 10 jjI reaction mixture containing 200 units 
Moloney murine leukemia vims (M-MLV) reverse transcriptase, IX reverse 
transcription buffer [50 m M Tris-HCl Q)H 8.3), 75 m M KC1, 3 m M MgClj, 10 m M 
DTT], 0.5 m M dNTPs, 10 m M DTT and 40 units rRNasin RNase inhibitor in 
DEPC-treated HjO to achieve a final 21 [d volume. The mixture was mixed gently 
and incubated at 42 °C for 1 hour. Another set of control reaction was carried out 
by using the same reagents excluding only the M - M L V reverse transcriptase to 
eliminate false positive results from contaminated genomic DNA. 
For second strand cDNA PCR, reverse transcription solution containing V^  
strand cDNA was amplified in a 25 ^1 PCR reaction mixture. The mixture 
containing 2 ^ il ” strand cDNA, 1.5 m M MgCl2, 0.5 m M dNTPs, l^iM primer 
MBLFOR, 1 |LiM primer M B L R E V (Table 3-2), IX PCR reaction buffer and 2.5 
units Taq polymerase was subjected to PCR amplification using PCR conditions as 
described in section 3.3.1.3. 
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3.3.2.6 Verification of the presence of mutagenic site and the fidelity ofRNA 
transcript from transgenic Arabidopsis 
To check whether the mutant codon is still present in the R N A transcript 
from the mutant M B L transgene, after electrophoresis, the 2°^  strand PCR product 
from RT-PCR of total R N A was gel-purified from agarose gel. One i^g of each 
gel-purified D N A was subjected to 10 pl restriction digestion reaction containing 5 
to 10 units of corresponding restriction enzymes (Table 3-5)，IX reaction buffer, 
and l^g acetyl BSA. 
3.3.2.7 Protein extraction and tricine SDS-PAGE of putative transgenic protein 
from Arabidopsis 
Total seed protein was extracted from 0.1 g mature Arabidopsis seeds by 1 
ml ofprotein extraction buffer [0.25 M NaCl, 0.05 M NaPO4 (pH 7)]. The seeds 
were thoroughly ground by a mortar and pestle after adding small pieces ofbroken 
Pasteur pipette tip. Cell debris was removed by centrifugation at 14k rpm for 5 
minutes and the supernatant was saved and named as seed total protein extract 
(STPE). The protein quantity was determined by the method of Bradford or 
Bicinochoninic Acid (BCA) using bovine serum albumin (BSA) as a standard. 
Thirty |xg protein was separated by 16.5 % tricine-SDS-PAGE (Schagger 
etal., 1987). The 30^ xg - STPE was mixed with 5 |il of2X sample buffer (8 % SDS, 
24 % glycerol, 100 m M Tris-base, bromophenol blue) with or without P_ 
mercaptoethanol. The mixture was incubated at 40°C for 30 minutes before 
loading on the tricine-geL Anode buffer [0.2 M Tris-base, (pR 8.9)] and cathode 
buffer [0.1 M Tris-base, 0.1 M Tricine, 0.1。/。SDS, ^ >H 8.25)] were used for 
running the electrophoresis. The tricine-gel was subjected to staining with 
Coomassie Brilliant Blue Solution (lg/ L Coomassie brilliant blue G-250, 1 % 
methanol) and destaining solution (methanol: 100 % glacial acetic acid : water, 20 : 
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6 : 55) to visualize the protein bands. For westem blot or amino-acid sequencing 
experiments, the gel was left unstained. 
3.3,2,8 N-terminal amino acid sequencing 
Purified or transgenic protein sample was loaded on 16.5 % tricine SDS-
PAGE gel and electrophoresed following the procedures as described in 3.3.2.7. 
The protein was then electro-blotted onto PVDF membrane and the membrane was 
then stained with Ponceau S dye. 
For blotting, the PVDF membrane was soaked briefly with methanol and 
then washed in distilled water for 2 minutes. The wet PVDF membrane and 3 M M 
filter paper were pre-soaked and equilibrated in transblotting buffer (48 m M Tris, 
39 m M Glycine, 0.0375 % SDS, 20 % methanol) for 20 minutes, hi the semi-dry 
electrophoretic transfer cell (BioRad), one piece of pre-soaked filter paper was 
placed onto the platinum anode and the gel placed on top of it. The gel was then 
covered with the pre-treated membrane and another piece ofpre-soaked filter paper 
placed on top. Any bubbles were excluded by rolling a clean glass pipet across the 
sandwich before the cathode was covered on the stack. Electro-transfer was 
performed at constant voltage of20 V for 1 hour at room temperature. 
After electro-blotting, the membrane was stained briefly (2 minutes) with 
Ponceau S dye [0.2 % Ponceau S (Sigma), 3 % T C A and 3 % sulfosalicyclic acid] 
to confirm the presence oftransferred proteins on membranes. The desired protein 
bands were visualised and excised by a sterile blade. The bands were rinsed with 
methanol for 30 seconds briefly, immersed in 10 ml distilled water and sonicated 
for 10 minutes. The pre-treated bands were sequenced by the HP G1005A protein 
sequencing system (Hewlett Packard). 
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3,3,2,9 Isoelectric precipitation of MBL 
One ml of STPE (〜5 mg) from section 3.3.2.7 was transferred to 15 ml 
Falcon tube. Distilled water was added to make up to 4 ml. The solution was then 
adjusted to pH 12 using 2 M NaOH. The protein precipitate was collected by 
centrifiigation at 6k rpm for 10 minutes and the supematant was saved in another 
Falcon tube. The pellet was dissolved in minimal volume of re-suspension buffer 
[20 m M Tris, (pH 8.9)]. Proteins precipitated at pH 11.8 and pH 9.5 were also 
obtained by adding appropriate volumes of 1 M HC1 to the supematant using the 
above procedures. These different fractions of proteins, after treatment with 
sample buffer containing P-mercaptoethanol, were separated by 16.5 % tricine-
SDS-PAGE, following the procedures as described in section 3.3.2.7. The gel was 
subjected to Coomassie blue staining or left unstained for visualization or westem 
blot, respectively. 
3.3,2.7 0 Production of polyclonal antibody against purified MBL 
Four hundred ^g of purified M B L II protein (Hu, Kunming Institute of 
Botany, China) was mixed with one portion of2X sample buffer (section 3.3.2.7) 
before loading onto 16.5 % tricine-SDS-PAGE gel for electrophoresis. The gel 
was stained with Coomassie blue and destained until the gel background turned 
transparent. The linear protein band and the large and small-subunit protein bands 
were excised separately and ground into fine granules using small plastic pestle. 
The gel granules were resuspended into 0.5 ml of PBS and transferred into the 
barrel of2ml syringe (19 gauge) containing 0.5 ml of complete Freund Adjuvant 
(Sigma). Fine gel granules and adjuvant were mixed thoroughly by passing the 
content forth and back through the needle. 
67 
For primary immunization, about 1.5 ml of each mixture (about 100 n,g 
linearized M B L II or large and small subunit polypeptides) was injected 
subcutaneously on the back ofeach oftwo rabbits, respectively. After 10 days, the 
rabbits were further immunized with a booster injection. The booster injection 
contained the same amount ofpurified M B L II (linearized form and large and small 
subunits) prepared by the same procedures except using incomplete Freund 
Adjuvant instead of complete one. Two more booster injections were performed 
every ten-day afterwards. 
After 1 week from the second immunization, blood samples were taken 
from the marginal ear vein of two rabbits to check the production of specific 
antibodies. 
One week after the fourth immunization, total blood was collected from the 
two rabbits by heart puncture and transferred gently into two sterile falcon tubes, 
respectively. They were kept for 1 hour at room temperature to allow blood 
clotting and centrifuged at 3.5k rpm for 15 minutes at room temperature. The 
supernatant containing serum was pipetted out. Both sera were transferred into 
two beakers kept on ice and solid ammonium sulfate was added to 50 % saturation. 
The serum was stirred occasionally to confirm complete salt solubilization and the 
protein was allowed to precipitate for one hour. The serum was then centrifuged at 
12k rpm for 20 minutes at 4 °C and the pellet was washed with 1.75 M ammonium 
sulfate solution for three times. 
The pellet was dissolved in minimal volume of 10 m M PBS, pH 7.0 and 
dialysed overnight against distilled water at 4 °C. The dialysed sample was 
centrifuged at 15k rpm for 5 minutes and the supematant was transferred into 1.5 
ml sterile tubes in 500 ^1 aliquots and kept at -20 °C for storage. The protein 
concentration of the supematant containing the polyclonal antibody was checked 
by B C A protein assay using B S A as a standard. 
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3,3,2.11 Western-blotting and immunodectection of Arabidopsisprotein by 
anti-MBL polyclonal antibody 
Westem blot was performed using the polyclonal antibody raised against 
purified M B L II protein. About 30 ^ ig of transgenic Arabidopsis protein (STPE) 
was separated by 16.5 % tricine SDS-PAGE and blotted onto PVDF membrane as 
desired in session 3.3.2.8. After electrophoresis of the protein sample treated with 
or without p-mercaptoethanol, the gel containing the separated proteins was 
blotted with the pre-treated PVDF membrane by a semi-dry electrophoretic 
transfer cell (BioRad). 
After electroblotting, the membrane was steined briefly with Ponceau S 
dye to confmn the presence of the transferred proteins on membrane. The 
membrane was then subjected to immunodetection by the modified procedures of 
A U R O R A Westem Blot Chemiluminescent Detection System (ICN). The 
membranes were first rinsed briefly by distilled water briefly for only few seconds 
and then incubated in fixation buffer (40 % methanol, 10 % acetic acid) by very 
gentle agitation for 5 minutes. The blocking step was eliminated in this modified 
protocol. The membrane was completely dried for 1 hour at 37 ®C. The membrane 
was then incubated in freshly prepared blocking buffer (1 % BSA, IX PBS, 0.05 % 
Tween-20) containing appropriate titer (1: 5,000) anti-MBL polyclonal primary 
antibody, for 1 hour at room temperature. Unbound primary antibody was removed 
by rinsing the membrane with IX PBS for 10 seconds (2 times). Anti-rabbit 
secondary antibody-alkaline phosphatase conjugate in blocking buffer (1 : 8,000) 
was added to prime where primary antibody located, for 30 minutes incubation 
with gentle agitation. Similarly the unbound secondary antibody was removed by 
rinsing the membrane with IX PBS for 10 seconds (2 times). The membrane was 
then washed with at least 50 ml of IX Assay buffer [20 m M Tris-HCl (pU 9.8)，1 
m M MgCl2 in distilled water, 4 °C] (2 times) and incubated in chemiluminescent 
substrate solution for 5 minutes. Excess substrate solution was drained from the 
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membrane and the membrane 
development 
subjected to fQm exposure and fihn 
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3.4 Results & Discussion 
3.4.1 Site-specific mutations ofArginine residue in MBLIII cDNA and 
Glutamine in MBLI cDNA 
3,4,1.1 Megaprimer PCR 
Site-specific mutations ofarginine (Table 2-1) at the 47^ amino acid in the 
large-subunit of M B L III and Glutamine in M B L I were performed by the 
‘megaprimer，PCR method (Sarker and Sommer, 1990). hi this method, only three 
oligonucleotide primers and two rounds of PCR were needed to obtain a single 
codon mutation within the amplified D N A fragment (Figure 3-1). This was 
assumed to be the simplest, fastest and most versatile means to generate site-
directed mutation. The first round PCR was performed using the mutant primer 
(MIII-GLN or -LYS and MI-ARG or -ASP) (Table 3-2) and one ofthe flanking 
primers (MBLFOR). The flanking primer, containing an Acc I restriction cutting 
site at 5，end, primed at the start codon of MBLIII cDNA and NBLI cDNA. The 
mutant primer, containing the desired base change, primed the D N A sequence 
flanking arginine and glutamine codon within the wild type MBLIII and MBLI 
cDNA targeted for mutation, respectively. 
After the 1^  PCR, the products were analysed by gel electrophoresis 
(Figure 3-6). Two major D N A bands, with molecular weight of about 400-bp and 
100-bp, were visualized (lanes 2, 3 & 5). The 100-bp band is likely the primer-
dimer, while the 400-bp band has a size ofthe predicted M B L amplified product. 
The double-stranded PCR product (418 bp) was gel-purified and used as one ofthe 
primers, megaprimer, in the second round of PCR along with the other flanking 
primer (MBLREV). 
Since the gel-purified megaprimer was so long when compared to the usual 
primers, its annealing temperature was very difficult to estimate and was too high 
for another flanking primer (MBLREV). Therefore, ‘touchdown，PCR (Hecker 
and Roux, 1996) was used to amplify the 2°^  PCR product. Instead of guessing an 
appropriate annealing temperature ofthe megaprimer, a wider net oftemperatures 
was cast by using progressively lower annealing temperatures over consecutive 
cycles. The goal is to select a broad range of annealing temperatures that begins 
above the estimated T m and ends at the annealing temperature ofthe other flanking 
primer. Since the yield of the final mutant PCR product is usually low (Ling and 
Robinson, 1995), reamplification of mutant product was performed using two 
flanking primers (MBLFOR and MBLREV). The annealing temperature used in 
the PCR reamplification was higher than that in the \^  PCR since both flanking 
primers should be completely complementary to the D N A sequence flanking 
MBLIII c D N A and MBLI c D N A in the 2°^  PCR product. This higher annealing 
temperature could also avoid the amplification of contaminated D N A or non-
specific sequence (Figure 3-7). After the 2°^  PCR, the 500-bp band was visualized 
and has a desired size ofthe M B L cDNA (lanes 2, 3 & 5). 
The 'megaprimer' method was adopted to perform site-directed 
mutagenesis since it is a time-saving strategy, requires only three primers and two 
PCRs and seems to introduce less additional spurious mutations. One may suggest 
that the 2°^  PCR can be made simpler if another flanking primer M B L R E V were 
used instead of M B L F O R in the 1就 round PCR. However, if M B L R E V and the 
mutant primer pair weree used, the product obtained in the 1对 PCR would be 
indistinguishable by size from the dimer-primer of the PCR . Moreover, it is 
claimed to be more efficient to gel-purify a 400-bp D N A fragment than a 100-bp 
one by using the commercial kit. 
The fmal mutant PCR products were MBLIII and M B L I cDNAs flanked by 
two AccI sites containing a single amino-acid mutation. For MBLIII PCR product, 
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it was either R47Q, in which Arg 47 in the large subunit was replaced by Ghi or 
R47K, in which Arg 47 was replaced by Lys. For MBLIPCR product, it was either 
Q47R, in which Ghi 47 was replaced by Arg or Q47D, in which Gbi 47 was 
replaced by Asp. For these arginine and glutamine substitutions in MBLIII and I， 
respectively, the CGT codon in wild-type MBLIII cDNA was replaced by C A A 
and by A A G in the mutant primers, and the C A A codon in wild-type MBLI cDNA 
was replaced by A G A and by GAT. The usage frequencies of these codons are 
found to be optimal in Arabidopsis thaliana. 
1 2 3 4 5 
-418bp 
100-
Figure 3-6: First PCR products of megaprimer PCR the products from the 1^  
PCR were separated on a 1.2 % agarose gel. Lanes 1, 100 BP D N A 
marker (Gibco); 2，3 and 5 contained 1，5, 19 |il of PCR product 
respectively; 4，low M W mass ladder (Gibco) (from top to bottom 
bands, with mass of 200, 160，80，40，20 and 10 ^g of DNA, 
respectively). 
73 
2 3 4 5 
〜494 bp 
Figure 3-7: Second PCR products of megaprimer PCR The products from the 
2"d PCR were separated on a 1.2 % agarose gel. Lanes 1，100 bp D N A 
marker (Gibco); 2, 3 and 5 contained 1，5, 19 |il of PCR product 
respectively; 4，low M W mass ladder (Gibco) (from top to bottom 
bands, with mass of 200, 160, 80，40, 20 and 10 i^g of DNA, 
respectively). 
3,4,L2 Cloning into the seed-specific expression vector pD38 
Using megaprimer-PCR, the 494 bp MBLIII and MBLI coding sequence 
containing a single-amino acid mutation was obtained. The added-on AccI ends in 
the PCR-amplifled mutant MBLIII cDNAs and MBLI cDNAs allow the insertion 
of the sequence into pD38 (Figure 3-2), a seed-specific expression vector. The 
vector pD38 was chosen for the expression of the MBLIII and MBLI coding 
sequences because it contains the very strong seed-specific promoter from 
phaseolin, the major seed storage protein gene in French bean, which was expected 
to result in a high level expression of the mabinlin protein in the seeds of 
Arabidopsis thaliana. Another advantage of using this vector is that it contains 2 
incompatible AccI sites flanking the phaseolin coding sequence. This would 
prevent self-ligation ofthe AccI-cut-pD38 and the MBLIII and MBLI cDNAs from 
cloning into pD38 in a reverse orientation. 
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To perform the construction, the pD38 was digested with AccI and then 
resolved by agarose gel electrophoresis (Figure 3-8A). Two D N A bands, with 
molecular weight of 5.3 and 1.7 kb, were observed (lanes 2 to 5). The D N A 
fragment containing the phaseolin regulatory sequence (-5.3 kb) was separated 
from the coding sequence and then gel-purified (Figure 3-8B, lane 1). However, 
the mutant MBLIII and MBLI cDNAs purified from the megaprimer PCR proved 
to be found very difficult to clone into the phaseolin regulatory sequences. The 
efficiency ofAccI digestion ofthe ends of PCR products was very low (0 % even 
after 24 hours incubation), bistead ofdirect restriction digestion, the PCR products 
were first cloned into the T-overhang vector (Marchuk et al, 1990; Hadjeb and 
Berkowitz, 1996). The template-independent terminal transferase activity ofDNA 
polymerase (e.g. Tfl polymerase in this case) usually causes the addition ofasingle 
adenosine at the 3，end of PCR-amplified fragment. The T-overhang vector, the 
blunt-end-cut plasmid pBluescript with a thymidine addition at the 3，end of both 
strands, can be cohesively ligated to the A-overhang PCR products. However, no 
successM transformants were obtained from cloning all the 2°^  PCR products of 
mutant MBLIII and MBLI into the T-vectors. 
The difficulties in cloning the mutant MBLIII and MBLI cDNAs into 
vector pD38 might be due to various factors. The problems could be in the 2"^  PCR 
products, the vectors in use, or the experimental process. Due to time constraints, 
another method, in vitro site-directed mutagenesis was tried in the construction of 
the mutant MBLIII and MBLI cDNAs. 
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2 3 4 5 
Figure 3-8: GeI purification of phaseoIin regulatory sequences A: Seed-specific 
expression vector D N A pD38 was digested with AccI and the D N A 
fragments were separated by 1 % agarose gel electrophoresis. Lanes 1， 
1 kb D N A marker (Gibco); 2, 3 & 4’ 2 ^ig ofpD38 were digested with 
AccI; 5, 0.2 ^ g ofpD38 were digested with AccI. B: Lanes 1，the 5.3 
kb fragment without the phaseolin coding sequence was gel purified; 
2, 1 kb D N A marker (Gibco). 
3,4,L3 In vitro site-directed mutagenesis 
Site-directed mutagenesis was performed using the kit 'Altered sites II in 
vitro Mutagenesis Systems' (Promega) (Figure 3-3). After the blunt-end PCR, 3 
major D N A bands, with molecular weights of about 500 bp, 1.5 and 2.0 kb, were 
obtained (Figure 3-9, lanes 1 to 4). The 1.5 and 2.0 kb bands were the non-specific 
PCR products while the 500 bp band has the desired size ofthe M B L cDNA. The 
500 bp-blunt-end PCR products, including the wild-type MBLIII and the wild-type 
MBLI cDNAs, flanked by AccI sites were gel purified and cloned in the mutagenic 
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vector pAlter-ex I. The successfiil clones were fast-screened by a method called 
‘cracking，(Figure 3-10). 
The double-stranded plasmid was denatured and then hybridized with a 
mutagenic oligonucleotide, which is complementary to the corresponding D N A 
sequence but containing a mutated codon (Table 3-3). The ampicillin repair 
oligonucleotide was annealed to the single-stranded template at the same time to let 
D N A polymerase extend and link the two oligonucleotides. The nick was then 
sealed with D N A ligase and the mutagenesis reaction containing the duplex 
structure was transformed into a repair minus strain ofE coli (ES 1301 mut S) to 
avoid selection against the desired mutation. The plasmids were purified from 
ES1301 mut S strain and transformed into JM109 to ensure proper segregation of 
mutant and wild-type plasmids. Only the mutant plasmids containing the 
ampicillin resistant gene can survive upon antibiotic selection and this selection 
results in a high yield ofmutants. 
� 5 0 0 bp 
Figure 3-9: Gel electrophoresis of blunt-ended PCR products of MBLIII and 
M B L I cDNAs The products from blunt-ended PCR were separated 
by 1 % agarose gel. Lanes 1，2 & 3，10 ^ 1 ofPCR product; 4, 1 ^il of 
PCR product; 5, low M W mass ladder (Gibco) (from top to bottom 
bands, with mass of 200, 160, 80，40 and 20 ^ig ofDNA, respectively); 




Figure 3-10: Fast-screening of recombinant clones by "cracking" procedure 
After cloning with the pAlter-ex I，the successful clones were 
screened by gel electrophoresis using the "cracking" method. Bands 
with larger size contained the blunt-end insert. 
The double-strand plasmids, pAlter-ex I / MBLIII-GLN, / MBLIII-LYS, / 
MBLI-ARG and / MBLI-ASP, were purified from JM109 cells and expected to 
contain the same single amino-acid mutation as described in section 3.4.1.1. The 
mutations were preliminarily confirmed by restriction enzyme digestion. The 
mutant MBLIII-GLN with amino acid mutation R47Q (Table 2-1) would result in a 
deletion ofAcyI restriction site (Table 3-5) from wild-type MBLIII c D N A (Figure 
3-llA). Another mutant, MBLIII-LYS, with amino acid mutation R47K, would 
result in a XmnI and in a deletion of AcyI restriction site (Figure 3-llB). For 
M B L I constructs, the mutation Q47R would result in a BsmAI restriction site 










A: Screening for MBLIII-GLN mutant. 
The mutant plasmids were digested by 
AcyI. The disappearance of AcyI (arrow) 
resulted in a larger fragment (1.27 kb) 
from wild-type 1.1 kb and 170 bp 
C: Screening for MBLI-ARG mutant. 
The mutant plasmids were digested by 
BsmAI. The addition ofBsmAI (arrows) 
resulted in two smaller fragments (1.25 kb 
& 200 bp) from wild-type 1.45 kb 
B: Screening for MBLIII-LYS mutant. 
The mutant plasmids were digested by 
XmnI. The addition ofXmnI (arrows) 
resulted in two smaller fragments (2.5 & 
3.2 kb) from wild-type 5.7 kb 
MBLI- MBLI-
wt ASP 
D: Screening for MBLI-ASP mutant. 
The mutant plasmids were digested by 
BstYI. The addition ofBstYI (arrows) 
resulted in two smaller fragments (1.25 & 
1.4 kb) from wild-type 2.65 kb 
Figure 3-11: Screening for M B L mutants After mutagenesis, the plasmid D N A s 
were digested by appropriate RE and analysed by gel electrophoresis. 
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3.4.2 Construction of plant expression vectors containing chimeric 
MBLIII and MBLI 
3.4.2.1 Cloning of MBLIII and MBLI cDNAs into the seed-specific expression 
vector pTZ/phas 
The wild-type MBLIII and I cDNAs as well as the mutant MBLIII cDNA 
containing a single amino acid mutation were excised from the mutagenic plasmids. 
pAlter-ex I / MBLIII and / MBLI as well as pAlter-ex I / MBLIII-GLN, pAiter-ex 
I / MBLIII-LYS, pAlter-ex I / MBLI-ARG and pAlter-ex I / MBL-ASP, 
respectively, using AccI digestion (Figure 3-4). No difficulties were encountered 
in AccI digestion of mutagenic plasmids as compared to AccI digestion of 
mutagenic PCR products (session 3.4.1.1). 
The plasmid pTZ / phas, a seed-specific expression vector using phaseolin 
regulatory sequences, was prepared from a similar plasmid pD38, used in section 
3.4.1.2. The only difference is the addition of a HindIII site 5’ upstream of the 
phaseolin promotor in pTZ / phas to facilitate insertion of target gene into the 
plant-expression vector. This vector was used in the current study. 
The wild-type and mutant MBLIII cDNAs and M B L cDNAs (6 constructs) 
were cloned into the AccI site ofpTZ / phas by replacement ofthe phaseolin coding 
region (Figure 3-5). The ligated plasmids of pTZ / phas / MBLIII-wt, -GLN and 
MBLIII-LYS, as well as pTZ / phas / MBLI-wt, -ARG and -ASP, were checked for 
the presence ofdesired single amino acid mutation by automated D N A sequencing 
(Figure 3-12). Moreover, the fidelity of the cloned cDNA sequence and the 
ligationjunctions (AccI sites) was also verified by D N A sequencing. 
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A: DNA sequencing results of MBL III 
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B: DNA sequencing results of MBL I 
Figure 3-12: Verification of the mutant codons The codons (47^ amino acid of 
the large subunit) of wild-type and mutated M B L cDNAs cloned in 
seed-specific expression vector pTZ / phas were checked by 
automated D N A sequencing. Boxes indicate reverse sequence of the 
wild-type and mutant codons analysed by automated D N A sequencing 
machine. 
82 
8 - ^ ^ „ 
I i i ™ 
3,4.2,2 Cloning into the plant expression vector pBI121 
The D N A fragments flanked by HindIII site, containing the MBLIII 
cDNAs and MBLI cDNAs flanked by the phaseolin regulatory sequences (〜2.9 
kb), were excised from pTZ / phas / MBLIII and MBLI (Figure 3-6). The 2.9 kb 
fragment was inserted into the plant expression vector pBI121 (-15 kb) (Figure 3-
13). These plant expression vectors (also called Agrobacterium binary vectors) 
containing the desired cDNAs were transformed into Agrobacterium and then into 
Arabidopsis. During vaccum infiltration, the Agrobacterium bound to the plant 
cells and the D N A flanked by T-DNA left and right borders were transferred into 
plant cells and then into the plant genome. 
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v^ 
Gel purification, ligation 
and transformation 
pBI I phas IMBL 
~18kb 
12kb 
Figure 3-13: Cloning of MBLIII and I cDNAs, flanked by phaseolin 
regulatory sequences, into plant expression vector Both the seed -
specific expression vector containing M B L (pTZ / phas / MIII & / MI) and 
the plant expression vector pBI121 were digested with HindIII and 
separated by electrophoresis on 0.8 % agarose gels. The 2.9 kb fragment 
containing phaseolin regulatory sequences and MBL was purified and 
ligatedtopBI121. 
3.4.3 Generation of homozygous transgenic Arabidopsis 
3,4,3,1 Screening oftransgenic Rj Arabidopsis 
Upon vacuum infiltration, Arabidopsis (¾) plants, numbered la to ld, 2a 
to 2d，3a to 3d, 4a to 4d, take up the M B L chimeric transgenes or the plant-
expression vector pBI121 (control) from Agrobacterium, by an unknown 
mechanism. For the chimeric transgenes, the MBLIII cDNA with the phaseolin 
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regulatory sequences flanked by the left and right borders of the T-DNA should 
integrate into plant genome and some should integrate into reproductive tissues to 
generate transgenic progenies. The seeds were harvested and selected on 
kanamycin selective medium. As the selectable marker fNPT II) confers a 
dominant phenotype of kanamycin resistance, and this new phenotype is only 
added to transformed plants but not to untransforaied ones. Therefore, only those 
seeds containing the transgene will germinate and develop into green plants (R!) 
(Figure 3-14). Those without the transgene would germinate but die eventually. 
Figure 3-14: Selection of Ri transgenic Arabidopsis Sterilized pBI / phas / 
MBLIII transformed Rj seeds were plated on M S / kan plate. After 2 
days at 4 ®C, the seeds were incubated in a growth chamber at 22 ®C 
for about 2 weeks. 
Since independent vacuum infiltration was done for individual pots 
(numbered 1 to 4) containing 4 plants each (numbered a to d), respectively, 
transformation conditions were expected to be the same for each pot. Therefore 
deep green plants numbered with different first two-digits were selected for further 
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propagation into Rj. This is to enrich the collection of independent transformants 
with different insertion locations and expression levels ofthe transgenes. 
3,4,3.2 Screening of transgenic R2plants 
Most transgenic Rj plants were expected to be hemizygous for the 
transgene (only one transgene integrated into a particular locus), although multiple 
insertions may occur. After self-fertilisation of these hemizygous R! plants 
(numbered la-l, la-2, la-3, la-4, 2a-l, etc), both homozygous and heterozygous 
R2 progenies would appear. Genetic analysis was used to identify progeny in 
which a transformation event happened in one locus only. According to Mendelian 
law, for monohybrid inheritance, the antibiotic resistant phenotype would appear in 
three-forths of the Rj progenies. Therefore，by chi-square analysis, deep green to 
pale yellow plantlets would appear in 3 to 1 ratio by growing Rj seeds under 
selective medium. T-test was used to check and validate those Rj plants showing 
acceptable ratio and the deep-green plantlets from those validated plants were 
allowed to propagate. Table 3-6 showed the summary of the chi-square analysis for 
the selection 0fR2 plants, including control pBI121, MBLIII wild-type, MBLIII 
Gki mutant and MBLIII Lys mutant constructs, showing single gene insertion. 
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Table 3-6: Chi-square analysis 0fR2 transgenic plants 
Plants Green: yellow 
plantlets 
Chi-square value VorX 
pBI:la-4 78:31 0.79 
~ T ~ 
pBI:lb-l 86:28 0 V 
pBI:lc-5 66: 10 9.33 X 
MIII wt:la-l 40:28 ^ X 
MIII wt:lb-2 52:6 13.42 X 
MIII wt:lc-3 120 : 28 2.91 
~ T — 
MIIIGhi:la-l 48:20 ^ ~ V ~ 
MIIIGhi:lb-2 63:27 0.93 - … 「 -
MIIIGhi:lb-7 141 : 79 16.98 X 
MIII Ghi:lc-8 72:27 0.21 V 
MIIIGhi:lc-10 82:33 0.74 V 
MIIIGhi:ld-14 58:23 0.60 V 
MIIILys:la-8 42:9 L ^ ~ V " " " 
MIIILys:ld-3 65:22 0 V 
Note: Tranformants that can pass the assumption of "survival number : death 
number = 3 : 1” in the R2 progenies is indicated by a “V ” while those fail is 
indicated by an "X". 
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3.4,3.3 Screening ofhomozygous R^ transgenic plants 
The deep-green Rj plants with acceptable chi-square values were selected to 
propagate and self-fertilise to produce seeds. These deep-green Rj transformants 
were either heterozygous or homozygous. 
According to Mendelian law, those heterozygous Rj plants would produce 
green and yellow offsprings (R3) in 3 to 1 ratio after self-fertilisation. These plants 
therefore require an additional round of homozygous selection. Those 
homozygous Rj would produce all green R3 offsprings and they could further 
propagate and self-cross to obtain pure homozygous lines (R4). These homozygous 
R3 plants showing all green plantlets are indicated in Table 3-7. 
Table 3-7: Screening 0 f R 3 plants with transgene homozygosity 
Constructs pBI121 M m w t M f f l G l n M H I L y i 
R3 plants with 1a^4-1 ic-3-12 1a-1-2 1cM-2 
all green 1a^-7 1c-3-13 1a-1-5 1d"44 






3.4.4 Detection of MBLIII transgene in Arabidopsis 
3,4.4,1 Gus Assay 
The homozygous R3 transformants of the four constructs, i.e. pBI121 
control, MBLIII wild-type, MBLIII-GLN mutant, MBLIII-Lys mutant, were 
assayed for GUS gene expression. The GUS gene can act as a reporter gene to 
verify the intergration of the reporter gene, hi the assay, an active GUS marker 
transgene will yield a deep-blue colored product in the transgenic tissue. Although 
GUS gene expression did not necessarily indicate that the M B L transgene was also 
expressed, GUS assay does indicate the occurrence of a transformation event and 
provides indirect evidence ofthe presence oftransgene. 
As shown in Figure 3-15, leaves oftransgenic^ ra^ /V/op5/5 turned deep blue 
while leaves ofnative Arabidopsis (untransformed) remained colorless upon GUS 
staining and chlorophyll removal. 
Figure 3-15: GUS staining of native and transgenic Arabidopsis Leaves were 
placed in GUS assay solution and incubated at 37^C. After ovemight 
incubation, 70 % ethanol was added to eliminate interference by 
chlorophyll. The leaves on the left of both photos were from native 
Arabidopsis plants while those on the right were from transgenic 
Arabidopsis plants. 
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3,4,4.2 Detection oftransgene integration 
Besides using the dominant kanamycin-resistant phenotype and GUS assay 
to indicate the presence of a transgene, a successfiil transformant should show 
stable transgene integration into the plant genome. This can be demonstrated by 
PCR on the transgene from total plant genomic DNA. Genomic D N A was thus 
isolated from native and transgenic Arabidopsis leaves by the CTAB method. The 
D N A samples were analysed by agarose gel electrophoresis (Figure 3-16). The 
uncut genomic D N A appeared as one major band with a relatively high molecular 
weight (over 15kb) while the HindIII-cut genomic D N A showed a smear ofvarious 
sizes ofDNA fragments. 
Genomic PCR was performed using genomic D N A as a template with a 
pair of specific primers, M B L F O R and M B L R E V (Table 3-2). If the transgene 
was integrated into the plant genome, PCR should result in a D N A band with a 
molecular weight of500 bp, the expected size ofthe M B L insert, hi Figure 3-17， 
the genomic D N A ofMBLIII wild-type, MBLIII G b and MBLIII Lys mutants all 
showed a dominant band of 500 bp in length. No such bands occurred in the lanes 
of native Arabidopsis or in the transformant containing only the plasmid pBI121. 
These results indicated the stable integration of the MBLIII transgene into the 
plant genome. 
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Figure 3-16: Gel electrophoresis of genomic DNA from transgenic Arabidopsis 
>eaves Leaf genomic D N A samples, with or without HindIII 
digestion, were separated by 1 % agarose gel electrophoresis. Lanes 1， 
3，5 contained uncut genomic D N A of MIII-wt, MIII-Ghi mutant, and 
MIII-Lys mutant respectively. Lanes 2, 4，6 represent D N A cut with 
HindIII, respectively. Lane 7 contained 100 bp D N A marker. 
2 3 5 6 7 
500 bp 
100 
Figure 3-17: PCR analysis of genomic DNA from native and transgenic 
Arabidopsis leaves PCR was performed using genomic D N A from 
native, pBI121control, and putative transgenic plant leaves and a pair 
of M B L specific primers M B L F O R and MBLREV. The PCR 
products were analysed by gel electrophoresis. Lanes 1: Native 
Arabidopsis, 2: control plasmid pBI121, 3: MIII-wt, 4: MIII-Gln, 5: 
MIII-Lys, 6: -ve control, genomic D N A replaced with dHjO. Lane 7 
contained 100 bp D N A marker. 
91 
3.4.5 Detection of MBLIII transcript in transgenic Arabidopsis 
3,4.5.1 RT-PCR (Reverse-transcription polymerase chain reaction) 
Since the transgene MBLIII was under the control of seed-specific 
regulatory sequences, m R N A of developing green siliques should contain the 
transcript ofMBLIII transgene ifthe gene is expressed. Total R N A was isolated 
from developing green siliques for analysis. The quality ofthe total R N A samples 
is shown in Figure 3-18. Two major R N A species, 28s and 18s ribosomal RNA, 
were observed. DNase I digestion on total R N A was performed to remove 
genomic D N A contamination which may give false positive results in second 
strand cDNA PCR. The overall R N A quality was sufficient for RT-PCR analysis 
although some apparent degradation was seen. 
RT-PCR was performed using total silique R N A as template and two 
specific primers, M B L F O R and M B L R E V (Table 3-2). D N A bands ofabout 500 
bp, the expeted size ofMBLIII product, appeared in the lanes ofMBLIII wild-type, 
MBLIII G b and MBLIII Lys. The lanes containing the PCR reaction mixture with 
dHjO instead of R N A as template, native Arabidopsis total RNA, and R N A from 
transforaiant containing the control plasmid pBI121 did not show the expected 
band (Figure 3-19). These results established that MBLIII R N A transcripts are 
present in siliques of MBLIII transgenic constructs only. Negative controls were 
performed with all samples, with reverse transcriptase omitted in the first strand 
cDNA reaction mixture, to demonstrate that the MBLIII-specific PCR product was 
not due to genomic D N A contamination. The presence of MBLIII primers- and 
size-specific PCR product indicated that the transgene was transcribed and 




Figure 3-18: Gei electrophoresis of total RNA isolated from maturing 
native and transgenic Arahidopsis siIiques Silique total RNA 
samples were separated by 1 % agarose gel electrophoresis. Lanes 
1，n?i^\tArabidopsis-, 2, pBI121; 3，MIII wt; 4，MIII Ghi mutant; 5， 
MIII Lys mutant. 
2 3 4 5 6 7 8 9 10 11 12 
500 bp 
Figure 3-19: RT-PCR of total RNA from maturing native and transgenic 
Arabidopsis siIiques Total R N A isolated from maturing siliques 
of native, pBI121control, and putative transgenic homozygous 
plants was used to prepare cDNA by the RT-PCR procedure. 
MBL-specific primers, M B L F O R and M B L R E V (Table 3-2)，were 
used in the amplification. Lanes 1 & 2, -ve control; 3 & 4 native 
Arabidopsis; 5 & 6, pBI121; 7 & 8，MIII wt; 9 & 10，MIII G b 
mutant; 11 & 1¾ MIII Lys mutant; odd lanes: with reverse 
transcriptase; even lanes: without reverse transcriptase. 
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3.4.5.2 Verification of the presence of the mutant codon and sequence 
fidelity ofthe RT-PCR product 
To check whether the mutant codon was still present in R N A transcript, 
restriction digestion was performed on the PCR product after second strand 
RT-PCR. The final RT-PCR products (-500 bp band) of MBLIII wild-type, 
MBLIII Ghi, and MBLIII Lys were excised from the gel and purified. The 
purified D N A was subjected to restriction enzyme digestion, using AcyI and 
XmnI (Table 3-8). At the site of mutation (407 to 410 base pairs in PCR 
product), restriction sites AcyI and XmnI are unique to MBLIII wild-type and 
MBLIII Lys mutant, respectively. The expected fragment sizes upon these 
restriction digestions are shown in Table 3-8. The results ofthese experiments 
are shown in Figure 3-20. All the three MBLIII transgenic R N A transcripts 
were confirmed to contain the corresponding restriction enzyme sites, hence the 
presence ofthe expected mutant codon. 
The fidelity of the R N A transcripts was further confirmed by D N A 
sequencing. Since Taq polymerase possesses a template-independent 
polymerization activity that adds a single dATP to the 3’ ends of the D N A 
template, the second strand cDNA PCR products were cloned into T vector 
containing a complementary 3'-terminal thymidine overhang. The fidelity of 
the cloned second strand cDNA and the mutagenic codon was checked by D N A 
sequencing. The total agreement ofthe D N A sequencing data with the MBLIII 
sequence and mutant codon ftoher indicates that the transgenes were 
successfully transcribed into mK^K 'mArabidopsis (Figure 3-21). 
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Figure 3-20: Verification of the presence of the mutated codon sequence in 
transgenic RNA transcripts The RT-PCR products was gel-
purified and subjected to RE digestions. A: Acy I digestion. Lanes 
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Although RT-PCR analysis may not be suitable to quantify the R N A 
expression and northern blot analysis will be a better procedure for 
quantification, it is extremely difficult, if not impossible, to tag the very small 
flowers of Arabidopsis for discrete developmental stages. Therefore, green 
siliques were collected without precise day-after-flowering information to 
perform the R N A analysis. 
Table 3-8: Restriction maps of RT-PCR products of the three MBLIII 
transgenes 
Restriction site AcyI digestion XmnI digestion 
lll-Wt PCR 
product 
AcyI AcyI 238 + 169 + 87 bp 













AcyI XmnI 238 + 256 bp 407 + 87 bp - I h-
238 407 














Reverse sequence 5，Qjj 3， 
Forward sequence 3，4 5' 
GAA 
MBL III LYS 
mutant codon 
Reverse sequence 5，jjQ 3， 
Forward sequence 3，4 5, 
AAC 
MBL III GLN 
mutant codon 
Figure 3-21: Verification of the mutant codons in RNA transcripts The 
RT-PCR products were gel-purified and cloned into T-vector for 
D N A sequencing. The codons (47^ amino acid ofthe large subunit) 
of wild-type and mutated M B L cDNAs were checked. Boxes 
indicate reverse sequence of the wild-type and mutant codons 
analysed by automated D N A sequencing machine. 
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1，Mlll-wt; 2, MIII-Gln; 3，MIII-Lys and 4，100 bp D N A marker. 
B: X m n I digestion. Lanes 1 to 4 were the same as in A. 
xr A GCG G T CrCJA^- Acj^:rr C.^ CCI Q CCGT G 丨 
140 15； 160 170 
Reverse sequence 5, A C G 3 ’ 
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3.4,6 Detection ofMBL III protein in transgenic Arabidopsis 
3,4.6.1 Expression ofMBL protein 
Transgenic Arabidopsis plants were analysed for their accumulation of 
MBL. Total seed protein was separated by 16.5 % tricine-SDS-PAGE. 
As shown in Figure 3-22, the overall protein profiles for the native 
Arabidopsis control plant and the transgenic ones were quite similar except the 
difference in band intensity. A protein band of size between 15 and 17 kDa also 
showed different intensity even among different transgenic plants and different 
constructs. This band might contain the M B L protein although it was not the 
exact size as reported in previously (Hu and He, 1983). Large amount of protein 
accumulation leads to a shift of this protein band The protein extracts thus were 
treated with P-mercaptoethanol to fmd out if the suspected protein band can be 
denatured into two subunits as in MBL. To further identify the suspected protein 
bands，total seed protein was denatured by treatment with P-mercaptoethanol and 
was then analysed by 16.5 % tricine-SDS-PAGE. 
97 
a _ Q 656940 2 k643222 4 2 3 5 6 •»>» S 5 fi5 2 9 te«i mmmmrnt^iSk mmmm kDa 7 8 9 10 11 kDa 17 14.4 Figure 3-22: Protein profiles of native and transgenic Arahidopsis total seed protein extracts Total protein extracts from native and transgenic seeds were prepared and separated by 16.5 % tricine-SDS-PAGE in the absence of P-mercaptoethanol. Lanes 1: Native Arabidopsis -control; lanes 2 to 10: transgenic Arabidopsis, M III-wt (lanes 2-4), M III-Gln (lanes 5-7)，M III-Lys (lanes 8-10); and lane 11: purified MBL) 
As shown in Figure 3-23，all major protein bands with size between 14 to 
17 kDa in Figure 3-22 disappeared and 2 new protein bands with lower 
molecular weight, 8 and 6 kDa, appeared The protein was electroblotted to 
polyvinylidene difluoride (PVDF) membrane (Figure 3-24). The 8 kDa protein 
bands were excised and subjected to N-terminal protein sequencing. Table 3-9 
summarized the sequencing results. For all transgenic plants, the sequences of 
the N-terminal 10 to 14 amino acids matched exactly with that of the large 
subunit of 2S albumins isoform 3 in Arabidopsis thaliana (AT2S3) (Swiss-Prot, 
accession P15459). As the N-terminal sequences of AT2S3 and M B L are 
different (Figure 1-5), the sequence obtained is thus that of the Arabidopsis 2S 
protein (Table 3-9). 
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Figure 3-24: PVDF membrane with transferred native and transgenic seed 
protein extracts Seed protein extracts of native and transgenic 
seeds, after dissociation with SDS and P-mercaptoethanol, were 
separated by electrophoresis and transferred to PVDF membrane. 
The membrane was stained with Ponceau S stain. Lanes 1: Purified 
M B L II; 2: native Arabidopsis\ 3-4: M III-wt; 5-6: M III-GLN; 7-8: 
M III-LYS) 
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Figure 3-23: Tricine-SDS-PAGE of native and transgenic Arabidopsis total 
seed protein extracts treated with P-mercaptoethanol Total 
protein extracts were treated with dissociation buffer containing p_ 
mercaptoethanol before electrophoresis. Lanes 1: Native 
Arabidopsis control; 2-3: M III-wt; 4-5: M III-GLN; 6-7: M III-LYS) 
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Table 3-9: N-terminal amino acid sequences of the 8 kDa protein from native 




Amino acid of 8 kDa protein bands from native 
and transgenic Arabidopsis 
Published amino 
acid sequence of 
AT2S3 large 
subunit 
Native M m - w t M ffl-Gln M ni-Lys 
1 D D ~D D D 
2 ~F F 1^  F ~F 
3 ~E E ^ " E ^ 
4 ^ ^ ^ G ^ ~~ 
5 P P ~P “ P ~P ~ ~ 
6 ~Q ~Q ~Q ~Q ~Q 
7 ~Q ~Q ~Q ~Q Q 
8 ~G G ~G G ~G 
9 Y Y ^ Y ^ ~~ 
10 ~Q ~Q ~Q ~Q ^ 
11 1^ L ~L L 
12 ~L T ~L ~L 
13 ~Q ~Q ~Q ~Q 
14 ~Q ~Q ^ ~Q 
hi addition to the sequence similarity between M B L and the AT2S3 
(Figure 1-3)，2S seed storage protein isoform 3 oiArahidopsis thaliana shares a 
number of other similarities with sweet protein mabinlin. Their mature proteins 
consist two subunits, a small and a large polypeptide chains of similar molecular 
weight and linked by disulfide bonds (Table 3-10). Since both chains are very 
similar in molecular size, it is very difficult, ifnot impossible, to separate them by 
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tricine-SDS-PAGE. The 8 kDa protein band excised for N-terminal sequence 
determination thus might contain both the large subunits of AT2S and MBL. As 
the N-terminal amino acid sequence of M B L may be blocked (we were not able 
to obtain N-teraiinal amino acid sequence of the purified M B L protein in a later 
experiment) or the level of the expressed M B L is just too low for sequencing, 
only the AT2S3 N-terminal sequence was obtained. 
Table 3-10: Biochemical properties of 2S albumin in Arabidopsis and 
Mabinlin (Data from ExPasy search) 
AT2S3 MBL 
Molecular Size 164 a.a. 155 a.a. 
Large subunit 83 a.a.(�9.5 kDa) 73 a.a.(�8.5 kDa) 
Small subunit 35a.a. (~ 4.1 kDa) 32 a.a. (~ 3.9 kDa) 
Isoelectric point -9.5 � 1 2 
3.4,6,2 Isoelectric precipitation 
The isoelectric point oiArabidopsis AT2S3 protein was reported to be pH 
9.5 while that of MBL, pH 12 (Expasy search), hi a previous report, the pI of 
MBLin was determined as pH 11.8 (Hu and He, 1983). The distinct isoelectric 
points between Arabidopsis AT2S3 (pR 9.5) and mabinlang M B L (~pH12) 
(Table 3-10) were thus exploited as another means of searching for the expressed 
M B L proteins. 
Different fractions of protein were isolated from both the wild-type and 
transgenic seed total protein extracts (STPE) by isoelectric precipitation. Three 
pHs，9.5, 11.8 and 12, were used to precipitate the proteins. The precipitated 
proteins were denatured by treatment with sample buffer containing p-
Figure 3-25: Profiles of pI-precipitated proteins of native and transgenic 
Arabidopsis total seed protein extracts treated with p-
mercaptoethanol Total protein extracts were precipitated at pH 9.5， 
11.8 and 12 and then separated by 16.5 % tricine-SDS-PAGE after 
treatment with P-mercaptoethanol. Lanes 1 & 义 Native Arabidopsis 
STPE; 6 & 12, purified M B L II; 2-5, proteins precipitated at pH 9.5; 
7,8,10,11, at pH 11.8; 13-16，at pH 12. Lanes 2,7,13，proteins 
precipitated from native Arabidopsis; 3，8, 14，from M III-wt; 4，9, 
15, from M III-Ghi and 5，10, 16, from M III-Lys. ，，， 
102 
mercaptoethanol, and separated by 16.5 % tricine-SDS-PAGE. As shown in 
Figure 3-25, protein precipitates at pH 9.5 (lanes 2-5) and at pH 12 (lanes 13-16) 
contained most of the native Arabidopsis proteins. Proteins precipitated at pH 
11.8 contained mainly the suspected protein bands, 8 and 6 kDa. The proteins 
were then electroblotted onto PVDF membrane (Figure 3-26) and subjected to 
westem blotting as described in section 3.4.6.4. 
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Figure 3-26: PVDF membrane with transferred pI-precipitated proteins of 
native and transgenic seeds Seed protein extracts of native and 
transgenic seeds, after dissociation with SDS and P-mercaptoethanol, 
were separated by electrophoresis and transferred to PVDF 
membrane. The membrane was stained with Ponceau S stain. 
Lanes 1 to 16 were the same as in Figure 3-25. 
3,4.6J Assay of titers and quality of primary polyclonal antibody against 
purified MBL protein 
The protein bands representing linearized form (~ 14 kDa) and large and 
small subunits (〜8 kDa and 6 kDa) of pure M B L protein (Figure 3-28A) were 
used to raise polyclonal antibodies. To check the titer of antibodies, 2 jig of pure 
M B L II protein was dot-blotted onto a PVDF membrane. The membrane 
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containing the dots ofpurified M B L protein was air-dried and cut into strips. The 
strips were used for westem blot analysis following the procedures described in 
session 3.3.2.11. They were probed with different titers of two types of primary 
anti-MBL polyclonal antibodies dissolved in blocking buffer for one hour. 
Subsequent steps were the same as in session 3.3.2.11. 
As shown in Figure 3-1, the anti-linearized M B L II polyclonal antibody 
could detect purified M B L II protein up to a titer of 1 : 16,000. On the other hand, 
the anti-large and small subunit M B L II-antibody could only detect M B L II 
protein up to a titer of 1 : 8,000. Both antibodies were highly antigenic since they 
could recognize purified M B L II protein over a titer of 1 : 8,000. M B L III shows 
high similarity to M B L II protein in terms of amino acid sequence (Figure 2-1). 
Therefore, it was assumed that polyclonal antibodies raised from M B L II antigen 
could also recognize M B L III protein. 
500 1:1,000 1:2,000 l:4,0p0 1:8,000 1:16，00Q 
Anti-linearized 
M B L II-
antibody 
<-Titer of antibody 
Anti-large and 
small subunit 
M B L II-
antibody 
Figure 3-1: Titering of anti-MBL primary polyclonal rabbit antibodies Two 
l^ g ofpurified M B L II protein was dot-blotted onto PVDF membrane 
and subjected to immunodetection using different titers of primary 
polyclonal antibodies. 
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To further test whether the polyclonal antibodies can recognize linearized, 
large and small subunits o f M B L II protein, 4 ^ ig ofpurified M B L II protein with 
P-mercaptoethanol treatment was used for tricine SDS-PAGE and western 
blotting. The procedure was the same as described in session 3.3.2.11. As shown 
in Figure 3-28A, the M B L II was incompletely reduced by P-mercaptoethanol, 
thus both a linearized M B L II (-14 kDa) and 2 subunits (〜8 kDa and ~6 kDa) 
were observed hi the immunodetection film, it was observed that the polyclonal 
antibody raised against linearized purified M B L II protein (Figure 3-28B) can 
recognize linearized 14 kDa, large subunit and small subunit of M B L II protein. 
The polyclonal antibody raised against large and small subunits (Figure 3-28C) 
recognizes the large subunit polypeptide better than the linearized 14 kDa and the 











MBL II -antibody 
A B C 
Figure 3-28: Western bIot of the pI-precipitated proteins from native and 
transgenic Arabidopsis 
In theory, a good immunogen should have at least three chemical features. 
It must have an epitope that can be recognized by the cell-surface antibody found 
on B cells and at least one site recognized simultaneously by a class II protein and 
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by a T-cell receptor. The third parameter is that it must be degradable. These 
three features are the basic criteria to elicit a strong antibody response in the 
rabbit to be immunized The first two parameters impose a minimum size limit, 5 
kDa, on an immunogen. Since the small subunit polypeptide of purified M B L II 
is only about 6 kDa, it may not have suitable sites for the simultaneous binding of 
a class II protein and a T-cell receptor. Therefore, antibody raised from large and 
small subunits showed less ability to recognize the small subunit polypeptide and 
likely to the linearized 14 kDa protein too. 
3.4.6,4 Western blot / Immunodetection 
PVDF membranes with transferred native and transgenic seed proteins pI-
precipitated at pH 9.5，11.8 and 12 were subjeced to westem blot / 
immunodetection using anti-linearized M B L II primary antibody. From Figure 3-
29, no difference could be observed between the samples of native and transgenic 
Arabidopsis. 
The signals seemed to be very strong in the protein bands with molecular 
weight higher than purified M B L II (-14 kDa). Since Arabidopsis plant proteins 
including the 2S proteins might share some similar antigenic determinants with 
the sweet protein mabinlin, it is possible that the polyclonal antibodies raised 
against M B L II protein could react with proteins in other plant systems. Also, 
rabbits are herbivores that eat grasses and other plants, hence their biological 
systems might elicit antibodies against foreign antigens from the plants they eat 
hi future experiments, mice should be tried as host to raise polyclonal antibodies. 
(Personal communication with Prof. H.M. Lam, CUHK). 
106 
9 10 11 12 13 14 15 16 
linearized 
MBL II 
( � 1 4 kDa) 
linearized 
MBL II 
(~ 14 kDa) 
Figure 3-29: Western blot of the pI-precipitated proteins from native and 
transgenic Arabidopsis All the lanes were the same as in Figure 3-
25. 
hi another experiment, westem blotting was performed using the lower 
part of the PVDF membrane from Figure 3-24, which contained the native and 
transgenic seed protein extracts treated with P-mercaptoethanoL As shown in 
Figure 3-30，no difference was observed in any lanes. Since both the 2S protein 
of Arabidopsis and M B L consist of two subunit polypeptides with similar 
molecular wieghts, 8 and 6 kDa, and other similar biochemical and molecular 
properties (Table 3-10), cross-immuno reactivity is expected. To prevent such 
cross reactivity, monoclonal antibody is preferable for the immunodetection. 
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Figure 3-30: Western bIot I mmunodetection of native and transgenic seed 
proteins. Seed protein extracts of native and transgenic seeds, after 
dissociation with SDS and p-mercaptoethanol, were separated by 
electrophoresis and transferred to PVDF membrane. The lower 
portion of the membrane (Fig. 3-24) containing the two subunit 
polypeptides was excised and subjected to immunodetection. 
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4 General Discussion 
Thermostability is one of the indispensable concerns in the development 
of sweet proteins for food and beverage use. hivestigation of the underlying 
sweet principle not only improves our understanding of the thermostability of 
natural sweet proteins but also lead to a more logical approach to the design of 
synthetic sweeteners. To date, seven natural sweet plant proteins have been 
reported. However, most sweet proteins are heat-unstable. This characteristic 
makes their sales and marketing much more difficult. As reviewed in the 
literature, the cleavage ofthe disulfide bridges upon heating resulted in complete 
loss of the sweet activity in some of sweet proteins. The intensive disulfide, 
bonded network in those thermostable sweet proteins further proves the 
importance of disulfide bonds on thermostability (van der Wel et al, 1972: 
Kohmura et aL, 1996; Nirasawa, et al., 1993) 
A new observation on the thermostability of sweet protein was made by 
the research team of Nirasawa OSfirasawa et al., 1994). A single amino acid 
difference, instead ofthe four coincident disulfide bridges, was suggested by the 
team to discriminate the heat stability between heat-stable mabinlin II, III and IV 
and heat-unstable mabinlin I. To test this new hypothesis, we generated single 
specific amino acid alternations in both heat-stable MBLIII and heat-unstable 
MBLI and intended to analyse and compare their heat stability. Complementary 
DNAs encoding the two mabinlin isoforais were successfully and specifically 
engineered to contain these alternations by in vitro site-directed mutagenesis. 
Phaseolin promoter and terminator, a strong seed-specific expression system, 
were used to express both the wild-type and mutated mabinlin cDNAs in 
Arabidopsis. 
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This was the first report of using Arabidopsis to express mabinlin. 
Arabidopsis was used as host plant because of its short life cycle. Both wild-type 
and mutated MBLIII and I cDNAs were introduced into plant genome by 
Agrobactenum-mediated transformation via vacuum infiltration. This technique 
is simple, efficient, and time saving when compared to the traditional tissue 
culture method. Transgenic plants of R3 generation carrying homozygous 
mabinlin genes were obtained in this study for molecular and biochemical study. 
This aims at using genetically homogenous seed material for expression of 
mabinlin genes. Positive signal of GUS staining and PCR amplification of M B L 
genomic D N A from transgenic leaves proved the stable integration of transgene 
into plant genome. Expression of M B L RNAs was also successftdly detected in 
transgenic siliques by RT-PCR. The presence of specific codon mutations in the 
R N A transcripts and mabinlin sequence fidelity were also confirmed by cDNA 
cloning and sequencing. These results indicated that the expression cassettes 
were working in the Arabidopsis genome, producing M B L mRNAs. 
Tricine SDS-PAGE showed that the protein profiles of native and 
transgenic Arabidopsis seeds displayed pattems with different banding intensity 
near the desired molecular size of mabinlin protein, suggesting additional protein 
with size comparable to mabinlin might be present in the transgenic seeds. The 
similar molecular size between mabinlin and the 2S seed storage protein of 
Arabidopsis made it much difficult to analyse and identify the expressed mabinlin. 
A number of modifications were attempted in protein extraction and westem blot 
procedures to overcome this difficulty. Thus, size-exclusion chromatography was 
tried to enrich the 14-kD protein fraction in Arabidopsis plant extract for further 
studies; isoelectric focusing electrophoresis was tried to resolve the transgenic 
protein from native Arabidopsis 2S seed storage protein by their different pI 
points; and isoelectric precipitation was also tried to fractionate and concentrate 
the transgenic protein and Arabidopsis native protein based on their different pIs. 
All these attempts did not yield a promising result, hi further study, monoclonal 
antibody specific only to M B L protein may be an approach worth of trying. 
hi addition to the detection method, low or absence of protein expression 
may be the key explanation of the negative westera-blot result. If this was the 
case, the major problem could be at the post-transcriptional or translational level. 
Gene silencing could hinder protein expression of transgene. Silencing occurs 
either at the transcriptional level, which frequently associates with D N A 
methylation, or post-transcriptionally, which involves R N A degradation 
(Vaucheret et al., 1998). Protein degradation after translation may also occur. 
Our laboratory is currently using in vitro transcriptionAranslation system to check 
whether the gene construct and m R N A are functional or not. If it works, gene 
constructs containing mabinlin wild-type and mutated genes can also be analysed. 
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Conclusion 
The genes for the sweet protein Mabinlin isoforai III，including both the 
wild-type gene (MBL III-wt) and its mutants (MBL III-Gln and -Lys), have been 
shown to be expressed at D N A and R N A levels in the seeds of transgenic 
Arabidopsis. Expression at the level of protein could not be confirmed because 
its biochemical properties and immuno-cross-reactivity is very similar to the 2S 
albumins in the host Arabidopsis (AT2S3). Further experiments to obtain more 
specific antibodies and/or to separate the M B L from AT2S3 will therefore be 
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